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genehc silencing 

HELD OF THE INVENTION 

5 The piesoit invention relates generally to a method of inducing, promoting or otherwise 
&cilitating a change in the phenotype of an animal cell or group of animal cells including a 
animal canqirising said cells. The modulation of phenotypic expression is conveniently 
accomplished via genotypic manipulation through such means as reducing translation of 
transa^ to protanaceous product The ability to induce, promote or othrawise facilitate 

10 fliB silenciiig of expressible genetic sequences piovides a means fijr modnlating the 
phenotype in, for exan^le, the medical, veterinary and the ammal husbandry industries. 
Ej^iressible genetic sequences cantenq>latBd by die present invention including not only 
genes wsmally residott in a paiticulai animal cell ^e. indigenous genes) but also genes 
introduced throtig^ recombinant means or through infection by pathogodc agents such as 

15 TOuses. 

BACKGROUND OF THE INVKNTION 

Reference to any prior art in this specification is not, and should not be taken as, an 
20 acknowledgment w any form of suggestion that this prior art forms part of the common 
general knowledge in Australia or any other country. 

Bibliogtq>hic details of the publicattoos lefecred to by author in this epedfksatian ate 
collected at the end of the desoiption. 

25 

The increasing sophistication of lecombinant DNA techniques is greatly facihtatmg 
research and development in file medical and vetainary industries. One important aspect 
of recombinant DNA technology is the development of means to alter the geiotype by 
modulating expression of genetic material. A myriad of desirable phenotypic traits are 
30 potentially obtainable following selective inactivation of gene eixpression. 
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Gene ioactivatioii, tliat is, the inactivation of gene expression, may occur in ci; or in trans. 
For cis inacttvatioii, only the target gene is inactivated and other similar genes dispersed 
throughout fte gaumte are not affected. £a contrast, inactivation in trans occurs whm one 
or more genes disposed Hmnij^ut the genome and sharing homology with a particuUir 
5 tatget sequence are also inactivated. In the Iheiatuie, the term "gene silencing" is 
fieqnoitly used. However, this is genoally done without an appreciation of wheQier Has 
gene sileocmg events are capable of acting in trans or In cis. This is relevant to tbe 
commerdal expbitation of grae silencing tedmology since cis inactivation events are of 
less usefiifaiess than events in trans. For example, tbere is less likelihood of success in 

10 taigeting endogoioua genes (e.g. plant genes) or exoganoas gaies (e.g. goies fiom 
pslhogens) using techniques vMiitL promote cis inaotivatioD. Fnrdiennore. in instances 
vibect gene inactivation is numitored using a msAsc ^e, it is fieqnendy not possible to 
discriminate between cis and trcaa inactivation events. There is, flierefor^ confusion in flie 
literature regarding Ae precise molecular mechanisms of gene inactivation (Qacrick et al., 

15 1998; Pal-Bahdra a/., 1997; Bahramian and Zaibl. 1999). 

The existing literature is extremely confused as to mechanisms of gene inactivation or gene 
silencing. For example, the temi "antisense" is used to describe situations where genetic 
canstruds designed to express antisense SNAs are inboduced into a cell, file aim bong to 
20 decrease expression of that particular SKA. This strategy has been widely used 
experimentally and in practical applicaticais. The mechanism by which antisense KNAs 
function is ^erally believed to involve di^ilex fonnation between the endogenous sense 
RNA and the antisense sequences which inhibits translatioa There is, however, no 
unequivocal evidence that this medianism occurs at aU in hitler enkaiyotic systenis. 

25 

The tenn "gene silenclngf' is fiequently used to describe inactivatian of the expression of a 
transgene in eukaryotic cells. Tliere is much confusion in (he Utecature as to file mechanism 
by which tiiis occurs, althoi^ it is generally believed to result fiom transcriptional 
inactivation. It is unclear wheUier fiiis particular medianism has any great practical utility 
30 since the expression of the gene itself is inactivated, i.e. there is no trans inactivation of 
othergemes. 
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In plants, the term "co-suppression" is used to describe precisely situations wh«e a 
transgeae is introduced stably into the genome and expressed as a sense KNA. 
Suiprisin^y, expression of such ttansgene sequences results in inactivation of homologous 
5 gme8,i^. a sequeixx specific trawinactivadon of gene esqiT^ 

van der Kiol et aL, 1990). The molecular phenotype of cells in ^ch ibis occurs is well 
described in plant ^ems: a gone is transcribed as a precnrsor mSNA, but it is not 
translated. Another term used Id describe co-siqipression is post-traascriptional gene 
inactivatiaiL The disi^earance of mKNA sequences is thought to occur as a consequoice 
10 of activation of a sequence sgeaSc BKA degradative system (Lmdbo et al., 1993; 
Woteiliouse et aL, 1999). Tamt is candderable confiisian within the animal literature 
regarding the term "co-suppression" (Bingham, 1997). 

Co-siftpressian, as defined by the specific molecular phenotype of gene transciqitian 
15 without translation, has previously been considered not to occur m mammalian systems. It 
has been described only in plant systems and a lower eukatyote, Neurospem (Cogoni et 
al., 1996; Cogoni andMacino, 1997). 

hi woik leading 19 to the presait invention, the inventors have eiiq>loyed genetic 
20 manipulative tecdmiques to induce gene silencmg in animal ceslls. The genetic manipulative 
tedmiques involve the induction of post-tranacriptional inactivation events. The inventors 
have fiioeliy provided a means for co-sqppression in animal cells. The induction of co- 
sqipressian in animal cells permits the manipnlation of a range of phenotypcs in animals. 
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StMMARY OF THE EVVENTION 

Throughout this spedfioation, unless (he context requires otherwise, the word "comprise", 
or variations such as "coEaptises" or "comprisiiig", will be undsistood to in^ly Ihe 
5 induston of a stated elonent or integer or grosp of dements or integns hnt not llie 
excluaon of any other element or integer or ffovtp of elements or integera. 

Nucleotide and amino acid sequences are refetied to by a sequence identifia number (SEQ 
E> NO:). Hie SEQ ID NOs: correspond nmnerica% to the sequence identifiers <400>1, 
10 <400>2, etc. A sequence listing is inovided after the claims. 

One a^ect of the preaeot invcnlion provides a geuetic constauct cominismg a sequence of 
nucleotides substantially identical to a target endogenous sequence of nucleotides in ttie 
genome of a veitdn:ate animal cell whnein i^on introduction of said genetic construct to 
15 said animal cell, an RNA transcript resulting fiomtransoiptim of a gene conq)ii»ng 83^ 
endogenous target sequence of nucleotides exhibits an altered cq)acity for tianslatian into 
a proteioaceous product 

Another aspect of Oss present invention provides a goietic construct comprising:- 

20 

(i) a nucleotide sequence substantially identical to a target endogenous 
sequence of nucleotides in the genome of a vertebrate animal cell; 

(ii) a single nucleotide sequence substantially complemoitary to said 
25 target endogenous imcleotide sequence defined in (i); 

(iiO an intton nucleotide sequence sq)aratmg said nucleotide seqiuoce 
of(i)and(ii); 



-6- 




5 
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Another aspect of (be present invention contemplates a method of genetic therapy in a 
vertebrate animal, said method comprising introducing into cells of said ammal con^prising 
a sequeiDce of nucleotides substantially identical to a target endogBDOus sequence of 
nucleotides in the g«iome of said animal cells sncfa that i^on introdnctian of said 
5 nncleotide sequence, BNAtranscttpt resulting framtraisai^^ 

endogoioas targ^ sequence of nucleotides exhibits an altered capacity fbr translation into 
a protemaceons product. 
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BRBEF DESCRIPTION OF THE HiGURES 

Flgnre 1 is a diagtammatic rqitescmtatiMi (rf the plasmid, pECTP-Nl. For fiirther details, 
refer to Example 1. 

5 

Figure 2 is a diagrammatic rqireseaitatian of the plasmid, pCMV.cass. For fbtther details, 
refer to Example 1 1 . 

Figure 3 is a diagtammatic rejaeseiitation of the plasmid, pCMV.BGI2.cass. For finHier 
10 details, lefertoBicampIe 11. 

Fi^iire 4 is a diagrammatic nqnesentation of Hie plasmid, pOrfV.CSFPJGSEJTG. For 
fiirther details, refer to Bxmpk 12. 

15 Figure 5 is a diagramnatio repressntatian of the plasmid, pCMV.ECaPF. Far fiiiliia 
details, w&x to Bxansple 12. 

F^re < is a diagrammatic representatioii of the plasmid, pCMV^BGCcass. For further 
details, refer to Example 12. 

20 

Figure 7 is a diagrammatic representatioii of the plasmid, pCMV»".aFPBai2.PFG. For 

further details, refer to Estample 12. 

Figure 8 shows an example of Sovthem blot anidysis of putative fransgeoic cell lines, in 
25 this instance porcine kidney ceMs (PK) which had been tianafoimed wi4 to conslnict 
PCMV.EGPP. Geoomic DNA was isolated fixnn FK-1 cells and transfinmed lines, 
digested with to restriction endonuolease BamKl and probed with a ^-dCTP Ubeled 
EGFP DNA fragment. Lane A is a molecular weight marker where sizes of each fragment 
are indicated in kilobases (kb); Lane B is to parental cell line PK-1. Lane C is A4, a 
30 transgenic EGFP-esqpressing PK-1 cell line; Lane D is C9, a transgenic non-expressing FK- 
1 cell line. 
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Fignre 9 shows micrographs of PK-1 cell lines transfonned with pCMV.EGFP, viewed 
imder nonnal li^t and under fluorescence conditions designed to detect GEP. A: PK 
EQFP 2.11 cells under nonnal light; B: FK. EGFP 2.11 cells under fluorescence conditions; 
5 C: PK E(M> 2.18 cdls under nonnal lig^ D: FK ECS? 2.18 cells under fluoiescence 
conditions. 

Fignre 10 is a diagraminatic iqnesentation of the plasmid, pCMV£EV2£GI2.2VEB. For 
further details, TeSa to Exanq)le 13. 

10 

Fignre 11 is a diagrammatic rejneaentadaa of the plasmid. pCMV3EV.BGFF.VEB. For 
im&er details, refer to Example 13. 

Fl^re 12 shows nucrogrqdbs of CRlB-1 cells and a CRIB-1 transformed line [CRIB-1 
15 BGI2 # 19(tol)] priw to and 48 hr after infection with identical titres of BEV. A: CRIB-l 
ceills prior to BEV infection; B: CRIB-1 cells 48 hr after BEV infection; C: CRIB-1 BGI2 
# 19(tol) cells prior to infectian with BEV; D: CKIB-1 BGI2 # 19(tol) 48 hr after BEV 
infection.For furOisr d^ails, refer to Exao^le 13. 

20 Figare 13 ia a diagrammatic representation of the plasmid, pCMV.nnELBGE,RYT. For 
furQier details, refer to Eicantple 14. 

Figure 14 is a diagrammatic representatian of the plasmid, pCMV.TYR. Fot fiirflier 
details, refer to Example 14. 

25 

Fl^re 15 is a diagrammatic rqnesRitatioa of the plasmid, pCMV.TyR.TyR. For finfher 
details, refer to Example 14. 



Figure 16 shows levels of pigmentation in B16 cells and B16 cells transformed witti 
30 pCMV.TyR3GI2.RyT. Cell lines are, fiom left to right: B16, B16 2.1.6, B16 2.1.11, B16 
3.14, B16 3.1.15, B16 4.12.2 andB16 4.1Z3. For ftither details, refer to Example 14. 
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Flgnre 17 is a diagrammatic lepiesenb 
For futOia: details, lefei to Exan^Ie 16. 



■tian of the plaamid, pCMV.GALT.B6I2.TLAG. 



S Figure 18 is a diagcammafio lepresi 
further details, refer to Exan5)le 17. 



L of tbe plasmid, fCMVMIKSWXm. For 



E^re 19 is a diagrammatic 
details, refer to Bxao^le 18. 



t of the plasmid, HER2.BG12.2REH. For fbilber 



10 



I1gnre'20i 



I of MDA-MB-468 cellB and MDA-MB- 



468 cells tnmsfiarmed urith pCMVJEIER23(H2.2REH stained fin: HER-2. A: MDA-MB- 
468 cells; B: MDA-MB-468 cdls stained with only ttie secondary autibodjr, C: MDA-MB- 
468 1.4 cdb stained for HER-2; D: MDA-MB-468 1.10 cells stained for HER-2. For 
IS further details, refo: to Example 18. 

Flgnre 21 shows FACS analyses of HER-2 expression in (A) MDA-MB-468 cells; (B) 
MDA-MB-46S 1.4 cells; (Q MDA-MB-468 1.10 cells. For ftrther details, refer to 
Bxan^le 18. 



F^re 22 is a diagrammatic representation of the plasmid, pCMVBRN2.BGI2 JZNRB. For 
further details, refer to Example 19. 

Figure 23 is a diagrammatic rq)resentation of flie plasmid, pCMV.YB13GI2.lBY. For 
25 further details, refer to Example 20. 

Figure 24 is a diagrammatic representation of flw plasmid, pCakiV.YBl.p53.BGI2.35p. 

IB Y. For Further details, refer to Example 20. 

30 Flgnre 25 is a histogr^h showing viable cell comits after transfection with YB-l-related 
gaie constructs and oligonucleotides. Viable cells were counted in quadnqplicate san^les 



20 
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with a haexaocytometer following stainmg with trypan blue. Column heights show the 
average cell count of two mdependent tiansfection experiments and vertica] bais indicate 
the standard deviation. (A) Viable B10.2 cell counts 72 hr afier transfection witti gene 
constructs: (i) control: pCMVJEGFP; (iQ pCMV.YBl.B(H2.1BY; (iii) 
5 pCMV.YBl.pS330I2.35p.lBY. All matedals and piocediires used are described in tfae 
teict &r Bxanq)le 20. (B) Viable Pam 212 cell counts 72 br after ttansfection wifli gaie 
constmcts: (i) control: pCMV.EGFP; (ii) pCMV.YBl.BGI2.lBY; (iii) 
pCMV.YBl.p53,BGI2.3Sp.lBY. All materials and procedures used are described in the 
text for Example 20. (Q Viable B10.2 cell counts 18 hr after ttansfection with 

10 oligomiclBotides: (i) oantrol: Lipo&ctin (tradanaxk) only; (ii) conliol: soBrepedEit 
oligooucleotide; (iii) decoy Y-box oligonucleotide. All matoials and ptocedares used are 
described in tiie text for Exanq>le 20. (D) Viable Fam 212 cell counts 18 hr afier 
transfection with oligooacleotides; (i) comliol: Lipofectin (tradonadc) onl^ (ii) conttol: 
non-specific oligonucleotide; (iii) decoy Y-box oligonucleotide. All matedals and 

15 procedmes used are described in the text for Bcanple 20. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present inveulion is predicated in part on tte use of sense nucleotide sequmces 
ralative to an endogenous nucleotide sequence in a vertebrate animal cell to doworiegnlate 
5 e]qa»88ionofa£eaecanq>ri8bigBaidendogmousnudeotide8eqaeiice.tlMendoggao^ 
nucleotide sequence may canalise aU w part of a gene and may or may not indigenous to 
the cell. A non-indigenous gene includes a gene in tiie animal cell introduced by, for 
exan^le, viial infection or recombinant DNA technology. An indigenous gene includes a 
gme wMch would be considered to be naturally present in flie animal cell. The down- 
10 legttMon of a target endogenous gene includes IlieintToductian of t£e sense nucleotide 
sequence to that particular cell or a parent of that cell. 

Accordingly, one aspect of flie present invention provides a genetic construct comprising a 
sequence of nucleotides substantially identical to a target endogenous sequence of 
IS nucleotides in the genome of a vertebrate animal cell wherein upon introduction of said 
genetic construct to said animal cell, an RNA transcript resulting ftom transcription of a 
gene compiising said endogenous target sequence of nucleotides exhibits an altered 
cqvadty for ttanslatioa into a protdnaceous product. 

20 Reference to "altered cqiacity" preferably includes a reduction in the level of translation 
such as from about 10% to about 100% and more preferably fiinn about 20% to about 90% 
relative to a cell which is not genetically modified, hi a particolariy preferred embodiment, 
the gene corresponding to the target endogenous sequeoce is substantially not translated 
into a proteinaceous product Convoiiently, an altered capaxafy of translatian is determined 

25 byanydiangeofi&enotypewhaieinlheplienotype,inanon-gMietica]lymodifiedcdl,is 
ficilitatedbythe expression of said endogenous gene. 

Preferably the vertdxrate animal cells sxe derived fiom mammals, avian species, fish or 
reptiles. Preferably, the vertebrate animal cells are derived fiom inannnai»j Mammalian 
30 cells may be firom a human, primate, livestock animal (e.g. sheep, cow, goat, pig, donkey, 
horse), laboratory test animal (e.g. rat, mouse, rabbit, guinea pig, hamsta), can^anion 
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animal (e.g. dog, cat) or Matured wild animal. Feiticalarly preferred manuaalian cells are 
fiom human and murine animals. 

The nucleotide sequence in fbo genome of a vertebrate ammal cell is refisired to as a 
S "genomic" nncleotide sequence and prefoably canesponds to a gene encoding a prodoct 
confoxbg a particular phenotype on the animal cell, groiq> of animal cells and/or an 
animal can^trising said cells. As stated above, tiae endogenous gene may be indigenous to 
file animal cell or may be derived from a exogenous source such as a virus, intracellular 
parasite- or introduced by necombmant or other physical means. Reference, therefbre, to 
10 "genome^ or "genomic" includes not only dnomosamal gmetic maiaiial but also 

to a "substantially identjcal" nucleotide sequence is also encoaqussed by tenns including 
substantial homology and substantial similarity. 

15 Reference herein to a "gene" is to be taken in its broadest context and includes:- 

(i) a classical genomic gene consisting of transcriptianal and/or translational 
regulatory sequences and/or a coding region and/or non-translated sequences (i^ 
mtzons, 5'- and 3^ -untranslated sequences); 

20 

(ii) mKNA or cDNA corresponding to the coding regions (i.e. exons) optionally 
comprising 5'- and 3'-untranslated sequences linked thereto; or 

(iii) an amplified DNA fiagment or ofiier recombmant nucleic acid molecule produced 
25 in vitro and comprising all or a part of the coding region and/or 5'- or 3'- 

UDlranslated sequences linted drereto. 

The gene in the animal cell genome is also referred to as a target gene or target sequence 
and may be, as stated above, naturally resident in the genome or may be introduced by 
30 recombinant techniques or other means, e.g. viral infection. Tie term "gene" is not to be 
construed as limiting the target sequeice to any particular stnicture, size ac conqiositioa 



-14- 






wo 01/70949 



PCT/AUOl/00297 



-15- 

The target geae may encode a structural protein or a reguktoiy protein. A "regulatory 
protein" includes a transcription &ctor, heat shock protein or a protein involved in 
DNA/RNA replication, tnmscarq>tiQn and/or translation. The target gene may also be 
resident in a virai genome wUch Tm integiated into the animal gene ot is present as an 
S extcadsomoBomal dement For example^ the taiget gene may be a gene on an HIV 
genome. In flns case, the genetic construct is usefiil in inactivating translation of the HIV 
gene in a mammalian cell. 

'Wherein the target gene is a viral gene, it is paiticidarly preferred that the viral goie 
10 encodes a ftnctionwMch is essential fivKpHcalicm or repioductian 

but not limited to a DNA polymetase or KNA polymerase gene or a viral coat protem gene, 
amongst odiers. In a paiticulariy pie&ued embodimeut, die target gene comprises an BNA 
polymerase gene derived from a smgle-stnuded (+) SNA vims such as bovine enterovims 
(BEV), Sinbis alphavnns or a leniivinu such as but not limited to an inmnmodeficiaDcy 
15 virus (e.g. HIV-1) or alternatively, a DNA polymerase deriived &om a doiible-Btranded 
ONA vims such as bovine herpes virus or heipes siinplex virus I (HSVl), amongst ofliers. 

In a patticDlarly prefored embodiment the post-ttansoiptianal inactivation is preferably 
by a medianism involving trans inactivation. 

20 

The genetic construct of the present invention generally, but not exclusively, comprises a 
synthetic gene. A "synthetic gene" comprises a nucleotide sequence which, when 
expressed inside an animal cell, down-regulates eiqnession of a homologons gene, 
endogenous to the animal cell or an integrated viral gene resident thetem. 

25 

A synthetic gene of the present mvention may be derived fiom natorallyoccutcing geoes 
by standard recombinant techniques, the mly requirement being that the synthetic gene is 
substantially identical or oflierwise sunilar at the nucleotide sequence level to at least a part 
of the target gene, the expression of which is to be modified. By "substantially identicaT' is 
30 meant ttiat the stmctunl gem sequence of the synthetic gene is at least about 80-90% 
identical to 30 or more contiguous nucleotides of die target gene, more prafetably at least 
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about 90-95% identical to 30 or moie contiguous nucleotides of the target gene aod even 
more prafixably at least about 95-99% identical or absolutely identical to 30 or more 
contiguous nucleotides of the target gene. Alternatively, the gene is capable of hybridizing 
to a target gene sequence under low, preferably medium or more preferably high 
5 stnngenoy conditions. 

Reference herein to a low stringency includes and mcompasses fiom at least about 0 to at 
least about 15% v/V finmamide and fiom at least about 1 M to at least about 2 M salt for 
hybridizatian, and at least about 1 H to at least about 2 M salt for washing conditions. 

10 Goiaally, low stringency is at fiom about 2S-30°C to about 42?C. The fenqierBtare may 
be alteed and higher tempoatnres used to replace finmamide and/or to give alternative 
stringency conditions. Alternative stringency conditians may be i^Iied where necessary, 
such as medium stringency, which includes and encompasses fiom at least about 16% v/w 
to at least about 30% v/v fbtmamide and fiom at least about 0.5 M to at least about 0.9 M 

15 salt for hybridization, and at least about 0.5 M to at least about 0.9 M salt for washing 
conditions, or high stringency, which inchides and encompasses from at least about 31% 
v/v to at least about 50% v/v formamide and fiom at least about 0.01 M to at least about 
0.15 M salt fin- hybridizatian, and at least tOiout 0.01 M to at least about 0.15 M salt fiv 
washing conditions. Ja general, washing is carried out at Tm = 69.3 + 0.41 (G+C)% 

20 (Maimur and Doty, 1962). However, the To, of a dqilex DNA decreases by TC with every 
increase of 1% in the number of mismatch base pairs (Bonner and Laskey, 1974). 
Fotmamide is optional in diese hybridization conditions. Accordingly, particulaily 
preferred levels of stringency are defined as follows: low stringency is 6 x SSC buffer, 
0.1% w/v SDS at 2S-42°C: a modaate strii^cy is 2 x SSC bu£Eer, 0.1% w/v SDS at a 

25 tempetatme in the range 20"^ to 65"'C; iugk stringency is 0.1 x SSC buffer, 0.1% w^ SDS 
at a tonperature of at least 65°C. 

Generally, a synthetic gene of the instant invention may be subjected to mutagenesis to 
produce single or multiple nucleotide substitutions, deletions and/or additions without 
30 affecting its ability to modify target gene oqiression. Nucleotide insrational derivatives of 
the synAetic gene of Hie present invenfiatt include 5' and 3' terminal fiisions as well as 
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intiapseqaence inseitioDS of single or multiple nucleotides. Insertional nucleotide sequence 
variants are fliose in which one or more nucleotides are introduced into a predetennined 
site ia the nucleotide sequence although random insertion is also possible with suitable 
screeniitg of the lesnlting product Del^onal variants aie characterized by tiie removal of 
5 one or more nucleotidea torn the sequence. Substitutional nucleotide variants are tixise in 
wUch at least one nucleotide in the sequence has been removed and a difierent nucleotide 
inserted in its place. Snch a siibatitutian may be "alentf' in that flie substitution does not 
change the amino acid dftfined by the codon. Aitemaiively, substituents are designed to 
alter one amino add for another sunilar acting amino acid, or amino adA of like diarge, 
■ 10 polarity, or hydrophobicity. 

Accordingly, the present invwtian extends to homologB, analogs and derivatives of die 
synthetic ggaes described haem. 

15 For the present puipose, "hranologs" of a gene as hereinbefore defined w of a nucleotide 
sequence shall be taken to refer to an isolated nucleic acid molecule which is substantially 
the same as the nucleic add molecule of Ifae present invention or its complementary 
nucleotide sequence, notwittasbmdi]^ the oocumence within said sequmce of aas or more 
nucleotide substitutions, insertions, deletions, or leatrangemeats. 

20 

"Analogs" of a gene as hereinbefore defined or of a nucleotide sequence set forth herein 
shall be taken to refer to an isolated nucleic acid molecule whidi is substantially the same 
as a nucleic acid molecule of the presait invention or its conqilementary nucleotide 
sequence, notwithstanding the occurrence of any non-nuoleotide constituents not normally 
25 present in said isolated nucleic acid molecule, for exanqile, carbohydrates, ladiochemicals 
inchiding radionucleotides, reporter molecules such as but not limited to DIG, alkaHne 
phosphatase or horseradish perraddase, amongst others. 

"Derivatives" of a gme as hereinbefore defined or of a nucleotide sequence set fortti herein 
30 shall be taken to refer to any isolated nucleic acid molecule which contains sigoificent 
sequence similarity to said sequence or a part tiiereof 
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Accordmgly, the structural gens component of the synthetic gene may comprise a 
nucleotide sequence which is at least about 80% identical or homologous to at least about 
30 contigaons nucleotides of am endogoioas target gene, a foreign target gene or a viral 
5 tatg/it gene present in an amnud cell or a hamologiie, analogue, deiivativB thereof or a 
complementary sequence thereto. 

The genetic constroct of the present inventiou generally bnt not exclusively comprises a 
nucleotide sequraice, such as in ttie form of a syn&etic gene, operably linked to a promota' 

10 sequegice. Other coiqianeDts of tiie genetic constniat inchide but are not limited to 
i^atoiy regions, tianacriptianal start or modiiying sites and one or more genes encoding 
a T^Miirter molecule. Further components able to be included on the genetic constnict 
extend to viial conqxnents such as viral DKA polymerase and/or RNA polymerase. Non- 
viral components incbide BNA-dependent KNA polymerase. The structural portion of the 

15 syn&etic gene may or may not contain a ttansMonal start site or 5'- and 3'-untianslated 
regions, and may or may not encode the full lengfli protein produced by fbe correspanding 
mdogenous mammalian gene. 

Another aspect of llie present invention provides a genetic construct comprising a 
20 nucleotide sequence substantially homologous to a nucleotide sequence in flie genome of a 
mammalian cell, said first-mentioned nucleotide sequence operably linked to a promoter, 
said genetic construct optionally fiuthsr comprising one or more regulatory sequences 
and/or a gene sequence encoding a reporter molecule wherein upon intiodacticni of said 
genetic construct into an animal cell, the expresgian of tiie endogenous nucleotide 
25 sequences having homology to the nucleotide sequence on the genedc constnict is 
inhibited, reduced or otherwise down-regulated via a process comprising post- 
Reference herein to a "promotei" is to be taten in its broadest context and includes the 
30 IninsciqrtiaDal regulatory sequences ofa classical genomic gene, including the TATA box 
yitidi is required Str accurate traoscriptian initiation in enkaiyDtic cells, with or without a 
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CCAAT box sequeaice and additional legulatory demenls (i.e. i^stnam activating 
Bequences, eohmcas and silencen). 

A pronioter is usually, bnt not necessarily, poittiaDed i^sbnam or 5% of llie atr^^ 
5 component of the syndietic gow of flie invcotian, flie eiqnession of ^vUch it legnlates. 

Furthennore, the legnlatory eleni£nts ccnqmstag a pnnnoter are usually positioned willun 
2 kb of the start site of transcription of tlie structural gene. 

In the present context, the term "promoter" is also used to describe a synthetic or fesian 
10 molecols or derivative wludi con&rg, activates or aihances euqpression of an isolated 
nucleic add molecule in a nummalian cell Another or the same piomoter may also be 
required to function in plant, animal, insect, fimgal, yeast or bacterial cells. Prefared 
promoteis may ctmtain additional copies of one or more specific regulatory elemoits to 
further enhance expression of a structural gene, in turn regulates and/or alters the 
15 qratial expression and/or ten^ral expression of the gene. For example, reguktory 
elements which confer inducibiUty on Ihe expression of the stroctuial gaie may be placed 
adjacent to a heterologous promoter sequence driving expression of a nucleic acid 
molecule. 

20 Placing a stmctura! gene under the regulatory control of a promoter sequence means 
positioning said molecule such that expression is coutaiUed by the promoter sequence. 
Promoters are generally positioned 5' (iqjstream) to the genes fliat they control. la the 
construction of heterologous promoter/sliuotuial gene combinBtions, it is ^neially 
preferred 1o position the promoter at a distance fiom the gene transcription start site fliat is 

25 q>proxim8tely the same as flie distance betwem that pnnnoter and the gene it controls in 
its n^uial settm& i.e. the gene fom wMch the promotw is derived. As is known in the art, 
some variation in this distance can be accommodated without loss of promoter function. 
Similarly, the preferred positioning of a regulatory sequence element with respect to a 
heterologous gene to be placed under its control is defined by the positiomng of the 

30 element in its natural setting, i.e. the genes fiom which it is derived. Agam, as is known in 
the art, some variation in tills distance can also occur. 
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The promoter may regulate the expression of the structural geae componoit constittitively, 
or difEeientially -wifli respect to the cell, tissue or organ in which expression occurs, or with 
respect to fbo developmental stage at Axdudi expression occurs, or in response to stimuli 
5 such as pfaysiological stresses, regulatory pioteinB, bmmones, pafhogisns or metal ions, 
amongst ofheirs. 

Preferably, the promoter is capable of regulating expression of a nucleic add molecule in a 
mammalian cell, at least during the period of time over which the target gene is expressed 
10 therein and more preferably idsoimmediatdy preceding the commencement of detectable 
expression of the target gene in said celL Promotera may be constitutive, inducible or 
devclopmenlally regulated. 

In the present context ihs teaas "in opersble connection with" or "qpoably under the 
IS contror or amilardbaU be taken to indicate that expTBsdonoffhe structural goie is under 
ibs canbDl of the promoter sequence with which it is spatially connected in a cell 

The genetic construct of the present invention may also compiise muU^le imcleotide 
sequences each qpticmaUy operably linked to one or more promoters and each directed to a 
20 target gene within the animal cell. 

A multiple nucleotide sequence may comprise a tandem r&peat or concatemer of two or 
more identical nucleotide sequences or alternatively, a tandem array or concatemer of non- 
identical nucleotide sequences, the only requirement being that each of the nucleotide 

25 sequences contained Ihereia is substantially identical to the target gene sequence or a 
camplemmtaiy sequence thereto. In this rqgaid, those ddUed m the ait will be aware that a 
cDNA molecule may also be regarded as a multiple structural gene sequence in the context 
of the present invention, insofar as it comprises a tandem array or concatemer of exon 
sequences derived from a genomic target gene. Accordingly, oDNA molecules and any 

30 tandem array, tandon repeat or concatemer of exon sequences and/or intion sequences 
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and/or 5' -untranslated and/or 3' -untranslated sequences are deaily occmipassed by iMs 

Preferably, fbe multiple nucleotide sequences canqnise at least 2-8 iudividnal stnictucal 
5 gme sequences, more prefbnbly at least about 2-6 individual structural goie sequences 
and more preferably at least about 2-4 individual structural gene sequences. 

The optimum number of structural gene sequences vHwA may be involved in the synthetic 
gene of the present invention will vary considerably, d^ending upon Sie length of eadi of 

10 said structural gene sequences, their arientation and dq;ree of identity to each oflier. For 
ncample, tbose skilled in the ait will be awara of tbe inherent instability of palindnnnic 
nucleotide sequences in vivo and the difBculties associated with constructing long 
synUistic genes comprising inverted repeated nucleotide sequences, because of (he 
tendency for such sequences to form hairpin loops and to recombine in vivo. 

IS NotwiSistmding sudi difBculties, &e optimum nmnber of structural gene sequences to be 
included in die synOiBtic genes of the present invention may be determined enq)irical]y by 
those skilled in the art; without any undue experimentation and by Mowing standard 
procedures such as the construction of the synthetic gene of the invmtion using 
lecombinase-defideDt cell lines, reducing the number of repeated sequences to a level 

20 vrbidh. eliminates or minimizes recombination events and by keqjing the total length of the 
multiple structural gene sequence to an acceptable hmit, preferably no more than 5-10 kb, 
more prefoably no more than 2-5 kb and ev«i more preferably no more than 0,5-2.0 kb in 
length. 

25 In one embodiment, the effect of tiie genetic contmct including synthetic gene conqnising 
the sense nucleotide sequence is to reduce translation of transoqit to protemaceous product 
while not substantially reducing the level of transcription of tiie target gene. Alternatively 
or in addition to, ttie genrtic construct including synBietic gene does not result in a 
substantial reduction in steady state levels of total RNA. 

30 
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Accordiojiiy, a particularly prBferred gnboriiinoTit of ttio presait invcotiotL providos a 
gnetic catutmct cciBiirisuig:- 

(i) a imcleotide sequence substantially identical to a target mdogenons sequence of 
5 nucleotides in die geoome of a vertebrate animal cell; 

(ii) s nucleotide sequence substantially canq)lfinieDtaiy to said target endogenous 
nucleotide sequence defined in (i); 

10 (iii) an intron imcleotide sequence sqiarating said nndeotide sequence of and (iO; 

wherein upon introdnctian of said con^ct to said animal cell, an RNA transcript 
resulting fiom transoiption of a gene compiisiog said endogenous target sequence of 
nucleotides exhibits an altered capacity Sot translation into a proteinaceous product and 
15 wherein there is substantially no redaction in the level of transcription of said gene 
comprising the endogenous target sequence and/or total level of RNA Hanscribed fiom 
said g«ie conq>ri8ing said endogenous target sequence of nucleotides is not substantially 
reduced. 

20 Preferably, the animal cell is a mammalim cell such as but not limited to a fanman or 
murine »initwfl1 cell. 

The present invention furflier extends to a genetically modified vertebrate animal cell 
cbaracteiized in that said cell:- 

25 

(i) coniirises a sense copy of a target endogenous nucleotide sequence introduced 
into said cell or a parent cell thneo^ and 

(ii) comprises substantially no pioteinaceous product encoded by a gene comprising 
30 said endogenous target nucleotide sequence compared to a non-genetically 

modified form of same oelL 
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The vertebrate animal cell according to this embodiment is preferably from a mammal, 
avian species, fish or reptile. More preferably, the animal cell is of mammalian origin such 
asfiom ahuman, pdmate, livestock animal or labcHatory test atiimal. Particularly prefeaed 

The nucleotide sequmce comprising the sense copy of the target endognoous nucleotide 
sequence may fiuther comprise a nucleotide sequoice complemeataiy to said target 
sequence. Preferably, the identical and conqilemaitary sequences are separated by an 
10 intinnBequemce such as, fbremiq>le,fiam a gene encoding j3-{pobin 
inbnn2). 

FurttomotB, in one eobodimcDl^ then is sobstantiBlIy no reduction in levels of steady 
state total BMA as a result of the intiodnctian of a micleotide sequence comprising &e 
1 5 sense copy of the target sequence. 

Accordingly, the preseot invoitiaii provides a gmetically modified vertebrate animal cell 
characterized in that said cdl:- 

20 (i) conqnises a sense copy ofa target etulogenoos nucleotide 8equem» introduced into 
said cell or a parent cell thereof; 

(ii) comprises substantially no protdnaceous product encoded by a gene campiising 
said endogenous target nucleotide sequence conqiared to a non-genetically 

25 modified form of same cel^ and 

(iii) conqirisesstibstantially no reducticm in the levels of steady state total RNA relative 
to a non-gmetically modified fern of the same cell. 
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Tbe present invenlian fti&er extends to tiansgenic including gem^cally modified ammal 
cells and cell lines yMi± eodsbit a modified pheootype chanctnized by a post- 
transa^anally modulated genetic sequence. 

5 AccaR]ing}y,anottBr aspect of flie'presentinventiim is directed to a animal ceU in w 
foim or maintained under in vitro culture conditions or an animal conqmsii^ said cells 
wherein die cell or its animal host exhibits at least one altered phenotype compared to the 
cell or an animal prior to genetic man^olation, said genetic manipulation comprising 
introdudng to an animal cell a genetic construct conpising a nucleotide sequence having 
10 substantial homology to a target nucleotide sequonce within the genome of said animal cdl 
and wfaerem the eqnession of said target nucleotide sequoice is modulated at the post- 
ttansdiptianalleveL 

Preferably, the nucleotide sequence on the genetic construct is opecably linked to a 
15 promoter. 

Optionally, tfie genetic construct may campdse two or more nncleotide sequences, each 
opoably Ihiked to one or more promoters and each having homology to an oidogenous 
mammalian nucleotide sequoice. 

20 

The present invention extends to a genetically modified animal such a mammal 
comprising one or more cells in which an aidogenous gene is substantially transcribed but 
not translated resuttiag in a modifying phenotype relative to the animal or cells of the 
animal prior to genetic man^ulation. 

25 

Another aspect of the present invention provides a genetically modified murine animal 
cominising a nucleotide sequence substantially identical to a target endogenous sequence 
of nucleotides in the genome of a cell of said murine animal nlierein an SNA transcript 
resulting £rom transcription of a gene con^irising said endogenous target sequoice of 
30 nucleotides exhibits an altered cqiacity for translation into a proteinaceons product 
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Prefened mnrine animals are mice and aie useful inter alia as expameniBl animal models 
to test ifaen^eutic protocols and to screea for therepeotic agents. 

5 sequence ooiqilemeDlaiy to Hie target endogenous sequence. Genetally, fiie identical and 
complementaiy seqiisices may be separated by an intron sequence as stated sibove. 

The presQit invention further contemplates a meflwd of alteiing the phenotype of a 
vertebrate animal cell wherein said phaMtype is confated or othawise fecilitated by die 

10 eoqireBsianofan endogenous gene, said mediodctnnprisiDg introducing a gat^ 

into said cell or a parent of ssid cell whoein die genetic constiuct conqnises a mideotide 
sequence substantially identical to a nucleotide sequence conqwiaii^ said mdogenous gene 
or part diereof and ^liBreiu a transcript exiubits an atteted capadty for ttanslatian into a 
pToteinaceous product compared to a cell withont having had the genetic construct 

15 introduced 

Keference herein to homology mcfaides substantial homology and in particular substantial 
nucleotide sunilaiity and more pieferably nucleotide identity. 

20 The term "similarity" as used herein includes exact identity between compared sequences 
at the nucleotide level. Where there is non-identity at the nucleotide level, "similarity" 
includes differences between sequences which result in different amino acids (hat axe 
nevertheless related to each other at the structural, fimctional, biochemical and/or 
conformational levels. In a particularly preferred embodiment, rmdeotide sequence 

25 camparisons are made at the level of identity rather than similarity. 

Terms used to describe seqnaice relationships between two or more polynucleotides 

include "reference sequence", "comparison window", "sequence similarity", "sequence 
identity", '"percentage of sequence similarity", "percentage of sequence identity", 
30 "substantially similar" and "substantial identity". A "reference sequence" is at least 12 but 
frequently IS to 18 and often at least 25 or above, sudi as 30 monomer units, inchisive of 
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nucleotides, in leogth. Because two polynucleotides may each cominise (1) a sequence Q.e. 
only a portion of the complete polynucleotide sequence) that is similar between &e two 
polyandeotides, and (2) a sequence that is divergent between the two polynucleotides, 
sequence catapsmfms between two (or more) polynucleotides are typically perfoimed by 

5 comparing sequeiKmof&e two polynucleotides over a ''compaUtonwiiidim" to i 

and con^iaie local legions of sequence similarity. A "comparison window" relets to a 
conceptual segment of typically 12 contignous leadoes diat is compared to a refoence 
sequence. The cQnq)arison window may conqnise additions or deletions (Le. gaps) of 
about 20% or less as con^aied to 0ie reference sequence (vduch does not conqnise 

10 additions or deletions) for optimal alignment of tiie two sequences. Optimal alignment of 
sequences for Mligning a comparison window may be conducted by con^putorized 
inqilemaitations of algorithms (GAP. BESTFTT, FASTA, and TFASTA in file Wisconsin 
Genetics Software Package Belease 7.0, Genetics Computer Gioiq>, S7S Science Drive 
Madison, WI, USA) or by inspection and fiie best alignment G-e- resulting in the highest 

15 percentage homology over the comparison window) generated by any of the various 
methods selected. Reference also may be made to Ifae BLAST femily of piograms as, for 
example, disclosed by Altschul et al. (1997). A detailed discussion of sequeace analysis 
can be found in Unit 19.3 of Ausnbel et al. (1998). 

20 The terms "sequence similarity" and "sequence identity" as used herein refer to the extent 
that sequences are identical or functionally or structurally similar on a nncleotide-by- 
nucleotide basis over a window of comparison. Thus, a "percentage of sequence identity", 
for example, is calculated by comparing two optimally aligned sequences over the window 
of comparison, detennining the number of positions at which the idsatical nucleic acid 

25 base (e.g. A, T, C, G, J) occnis in both sequences to yield the number of matched positions, 
dividing the number of matched positiaDS by file total number of positions in the window 
of comparison (i.e. the window size), and multiplying the result by 100 to yield the 
percentage of sequmce identity. For the purposes of the present invention, "sequence 
identity" will be understood to mean the "match percentage" calculated by the DNASIS 

30 computer prograni (Version 2.5 for windows; available 6om Hitachi Software engmeeiing 
Co., Ltd., South San Francisco, California, USA) using standard defimlts as used in (he 
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Refetence harein to "genetic flierapy" includes geae tiheE^y. The genetic fliMsq)y 
contenqilated by the present invention further includes somatic geae Hbsiepy whereby cells 
are removed, genetically modified and then rq>Iaced into an individnal. 

Hie present inventian is furttierdescxdbedby the frin«qriiig nrni -timitiTig Bmmp iww 
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EXAMPLEl 
Tissue culture man^ulaiums 

To genraate OFF esqpressing cell liaes, PK-1 cells (derived fiiom porcine kidney epifiielial 
S cells) we liansfinnied witli a canstnict designed to express (9?P, namely pEOFP-Nl 
(Oontedi Catalogue No. : 608S-1; refer to Figure 1). 

PK-1 cdls were grown as adherent monolayers using Dulbecco's Modified Eagle's 
Medium (DMEM; life Technologies), sl^)pleme^ted with 10% v/v Fetal Bovine Serum 

10 (FBS; TRACS Biosdeoces or life Tecbnotogies). CMls wen always gnmn in in^^ 
at 37°C in an atmoBphere containing 5% vAr CQ2. Cells were grown in a variety of tissue 
culture vessels, dqpeoding on experimental lequiremeots. The vessels used were: 96-weIl 
tissue culture plates (vessels containing 96 separate tissue culture wells each about 0.7 cm 
in diameter, Costar); 48-well tissue culture plates (vessels containing 48 separate tissue 

15 culture wells, each about 1.2 cm in diameta; Costar); 6-well tissue culture plates (vessels 
containing 6 separate wells, each about 3.8 cm diameter; Nunc); or larger T25 and T7S 
culture flasks (Nunc). For cells transfoaned with pBGFP-Nl, DMEM, 10% (v/v) FBS 
medium was further st^lemented with geoetecin (Life Technologies); for initial sdeclian 
of transformed cells, 1.5 mg/1 genetecin was used. For routine maintenance of transformed 

20 cells, 1.0 mg/lgeaetecm was used. 

In all instances, medium was changed at 48-72 hr intervals. This was accomplished by 
removing spent medium, washing the cell monolayers in the tissue culture vessel by 
adding Phosphate Buffered Saline (1 x PBS; Sigma) and gently rocking the culture vessel, 
25 ranoving the 1 x PBS and adding fresh medium. The volumes of 1 x PBS used in these 
manipulatians were typically 100 (tl, 400 |il, 1 ml, 2 ml and 5 ml for 96-well, 48-weIl, 6- 
well, T25 and T75 vessels, respectively. Tissue culture media volumes wax typicaUy 200 
111 for 96-wbII tissue culture plates, 0.4 ml for 48-well tissue culture plates, 4 ml for &-well 
tissue culture plates, 11 ml for T 25 and 40 ml for T7S tissue culture vessels. 
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During tfae course of &ese experiments, it was fiequenfly necessary to change coltiiie 
vessels. To achieve this, monolayers were washed twice with 1 x PBS and then treated 
with trypsin-EDTA (Life Technologies) for 5 min at 37°C. Under these conditions cells 
lose adhecBDce and can be resuspended by trituratian and transferred to DMEM, 10% v/v 
S FBS.wMiA stops 1faeai^onoftiyp8in-EI7rA.11»vohiines of lx?BS for washing and 
Trypsin-EDTA used for suchmanipuladaais were tsrpically 100 400 (il, 1 ml, 2 ml and 5 
ml for 96-well, 48-well, 6-well, T25 and TVS vessds, re^ectively. 

In addition, it was sometimes necessary to count 1]ie number of resn^ended cells, 
10 especially viien biologicany cloning transformed cell lines. To achieve this, cells were 
lesospendedinanqipropriiitevohimeofnMEM. 10% v/v FBS and an aliquot, typically 
100 111, wag trans&ired to a haemocytometer (Hawksley) and cell numbers counted 
micro8cq)ically. 

IS Protocol far Freezbig CMs 

Dnrtsg Die course of (he expeiimeDts, it was fiequendy necessary to stare FK-1 cell lines 
for later use. To achieve this, nmohyera were washed twice wi& 1 x PBS and then 
treated wilb trypsitt-EDTA for 5 min at 37°C. The PK-1 cdls were resuspended by 

20 trituration and transferred to storage medium consisting of DMEM, 20% vtv FBS and 10% 
v/v dimethylsulfoxide (Sigma). The concentration of PK-1 cells was determined by 
haemocytometer counting and forther diluted to 10^ cells per ml. Aliquots of PK-1 cells 
were tians&rred to l.S ml i^tiibes (Nfunc). The tubes of FK-1 cells were placed in a Ctyo 
I'C Freezing Container (Nalgene) containing pn^-2-ol (BDH) and cooled slowly to - 

25 70°C. The tubes of PK-1 cells were then stored at -70°C. Reanimation of stored PK-1 ceU 
was adueved by waiming the cells to 0^ on ice. The cells were then transferred to a T25 
flask containing DMEM and 20% v/v FBS, and then incubated at 37°C in an atmosphere 
of5%v/vCOj. 
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List of media eompments 

(a) Didbecco'sMdd^edEagkMeaim(DMEM) 

5 Two cammocial fiinnulalioos of DMBM wen used, bofli obtained fiom Life 
Tecbnologies. The fitst was a liquid fonimlatiaa (Cat no. 11995), the second a powda 
fimnidoiiaii which was prepared acc(»:ding to the manu&ctmer's spedficatians (Cat no. 
23700). Both fommlatians wars used in fiuss experimoits and were considend equivalent, 
deq>ite minor modifications. The liquid finnnilation (11995) was:- 



D-glncose 4,500 mgA 

FhnolRed 15 mg^ 

Sodium pyruvate llOmgA 

15 L-Aiginine.Ha Mmg/l 

L-Cystine.2HQ 63 mg/l 

I^GIutamine 584 mg^ 

Glycine 30 mg/l 

L-HistidineHCaJHjO 42 mg/l 

20 L-Isoleudne 105 mg/l 

L-Leudne 105 

L-LysineJHCl 146 mg/l 

L-Methionine 30 

L-Phenylalanine 66 

25 L-Serine 42mgl 

L-Threonine 95 mg/l 

L-Tryptophan 16 m^ 

L-Tyn)sine.2Na.2H20 104 mg/l 

L-Valine 94 mg/l 



30 
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CaCl2 200mg/I 

Fe(NQ3)3^IfeO aimg/l 

m 400mgil 

MgS04 97.67 mg/1 

5 NaCl e/HWmg/l 

NaHCOj 3,700 mg/l 

Na«!P04.H20 125 mg« 

D-Ca pantothenate 4n^ 

10 Cbolioeclilaride Aiosfl. 

Folic Acid 4ni^ 

i-Inositol 7.2 mgfl 

NiacioBmide A mg/l 

Riboflavin 0.4 mg/1 

15 TbiamiiieHCl Amgfl 

PyridoziiieHa ' 4 mg/1 



Wlien noonstttttted tbe powdcced fbrmulatioa (23700) was identical to fbe above, except it 
contained HEPES at 4,750 mg; sodium pjnivate and NaHCOj were omitted and NaCl was 
20 used at 4^750 mg/I, not 6,400 mg/I. 

fi) OPn-MBMI (registered trademarl^ Reduced Serum Medium 

This is a commercial modification of MEM (life Technologies Cat. No. 31985), designed 
25 to pemrit growth of cells in serum free medium. Such serum free media are commonly 
used in expecimeats where cationic lipid tiansfectanis such as GeneF0RTER2 (trademark) 
or LipofectAMINE (tradonaik) are used, since higher transfection frequencies are 
obtained. 
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Phosphate buffered saline was pirepared 6am a cosuneicial powder mix (Sigma, Cat No. 
P-3813) according to mano&cturar's instmctkms. A 1 x PBS solution (pH 7.4) consists of: 



KH:PQ4 
NaQ 



(U; Trypsin-EDTA 



TtypsiiL-EDTA is commonly used to loosen adherent cells to permit their passage. In fliese 
experimfflOlB a commercial prepaiation (life Technologies, Cat. No. 1S400) was used. This 
15 is a 10 X stock sohition consisting of; 

Trypsin 5g/l 
EDTA.4Na 2 g/1 

NaCl 8.5 g/1 

20 

To prepare working stocks, ttiis sohitian was diluted using 9 volumes of 1 x PBS. 

EXAMPLE2 
GeueraOHg staMe EGFP-trmuformml eett lines 

25 

Transformations were performed in 6-well tissue culture vessels. Mividual wells were 
seeded with 1 x lO' PK-1 cells in 2 ml of DMEM. 10% vN FBS, and incubated until flie 
monolayer was 60-90% confluent, typically 24 to 48 hr. 

30 To transform a single plate (6 wells), 12 |j.g of plasmid pECEFP-Nl and 108 |il of 
Ga]ieP0RTER2 (tradonaik) (Gene Therqiy Systems) were dilnted into Qpxt-MEM I 
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The tissue growth medium was renoved fiom each wdl and each well was washed wiifa 1 
S ml of 1 X PBS as described above. The mcnolajwts were overlayed with 1 ml of the 
pksmid DNA/GenePORTER Kaqugate fiir each well and imaibated at 37°C, 5% vAr COj 
far 4.5 hr. 

One ml of Qpn-MEM I (registered tradanaric) supplemented with 20% v/v FBS was 
10 added to each well and the vessel incnbated for a finflier 24 hr, at wbiiA time cdls wen 
washed wiOi 1 x PBS and medinm was replaced wib 2 ml of fiesh DMEM including 1 0% 
v/v FBS. At (his stage, monolayecs were inspected for transiait OFP eacpaasim umg 
fluorescence miciDBcqpy. 

1 S Forty-eight hr after transfection ttie medium was removed, cells washed with FBS as above 
and 4 ml of fiesh DMEM containing 10% v/v FBS s^yplemented with 1.5 mg/1 genetecin 
was added to each well; genetecin was included in the medium to select for stably 
tranafimned cell lines. The DMEM, 10% v/v FBS, 1.5 mg/1 genetecin medium was 
changed every 48-72 hr. After 21 days of selection, putatively tiansfoimed colonies were 

20 q)paient At fim stage, cells were traosfoied to larger culture vessels for expansion, 
maintenance and biological doning. 

To remove transformed colonies, cells were treated with trypsin-EDTA as described above 
in Example 1 and transferred to 11 ml of DMEM, 10% v/v FBS, 1.5 mg/l genetecin and 

25 incubated in a T25 culture vessel at 37°C and 5% v/v CO2. When these monolayers were 
about 90% confluent, cells were resuspmded using Trypsin-EDTA, then tansferred to 40 
ml DMEM, 10% v/v FBS, 1.5 mg/1 genetioni. Vessels were inciibated at 37°C and 5% v/v 
CO2.. When monolayers became confluent, they were passaged every 48-72 hr by trypsin- 
tieating cells as above and diluting one tenth of the cells into 40 ml fresh DMEM, 10% v/v 

30 FBS, 1.5 mg/1 genetecin. At this pomt, some ceUs were also fiozen for long term 
maintenance. These cultures cantamed mnctures of transformed cell hnes. 
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EXAMPLE3 
DUuOiHi ehnmgoftnmrfonneacdllmes 

5 TiaasSonBBd ceDs ware biologically donfld luiiig a dilution atntegy, Trtiereby colonies 
were established fiom single cells. To sqjport growtti of single colomes, "conditioned 
media" were used. Conditioned media were prepared by overlaying 20-30% conflaent 
monolayers of PK-1 cells grown in a T75 vessel with 40 ml of DMEM containing 10% v/v 
FBS. Vessels were incubated at 37°C, 5% v/v CO2 for 24 hr, after \^ch the growth 
10 medium was trans&ned to a starile 50 ml tube (Falcon) and centrifiiged at 500 x g. The 
giowfli medinm was passed fhrongh a 0.45 pm filter and decanted to a fiedi sterile tube 
and used as "conditioned medium". 

A T75 vessel containing mixed colonies of transformed FK-1 cells at 20-30% conflueaicy 
15 was washed twice with 1 x PBS and cells separated by trypsin treatment as described 
above, then diluted into 10 ml of DMEM, 10% v/v FBS. The cell concentration was 
determined microscopically using a haemocytometer slide and cells diluted to 10 cells per 
ml in conditioned medium. Siii^e wells of 96-well tissue culture vessels were seeded witb 
200 pi of the diluted cells in conditioned medium and cells were incubated at 37°C and 5% 
20 v/v CO2 for 48 hr. Wells were inspected micToscopically and those containing a single 
colony, arising 60m a single cell, were defined as clonal cell lines. The origiDal 
conditioned medium was removed and replaced widi 200 \il of fiesh conditioned medium 
and cells incubated at37°CandS%v/v CO2 for 48 hr. After fiiis time, conditianed medium 
was replaced widi 200 fil of DMEM, 10% v/v FBS and l.S m^ genetedn and cells ag^iu' 
25 incubated at 37°C and 5% v/v CO2. Cokmies were allowed to espaad and medium was 
changed every 48 br. 

When the monolayer m an individual well was about 90% canfhient, the cells were washed 
twice with 100 Ml of 1 X PBS and cells loosened by treatment with 20 (il of 1 x PBS/1 x 
30 trypsia-EDTA as described above. Cells in a single wdl wete transfened to a single well 
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of a 48-wen culture vessel containing 500 nl of DMEM, 10% v/v FBS and 1.5 ng/ml 
genetecin. Medium vras changed every 48-72 hr as heiembefoie described. 

When a manolayer in an individual well of a 48-well culture vessel was about 90% 
5 confluent, the cells were transfetred to 6-well tissue culture vessels using trypsin-EDTA 
treatment as described above. Separated cells were then transfared to 4 ml DMEM, 10% 
v/v FBS, 1.5 ng/ml geneticin and transfared to a single well of a 6-wb11 tissue culture 
vessel CeUs were grown at 37°C and 5% v/v CO2 and colonies were allowed to eoqMod. 
Medium was changed every 48 far. 

10 

When monolayers in 6-well culture vessels were iibout 90% con&ent, cells were 
transferred to T25 vessels using trypsin-EDTA as described above. When &eae 
monolayers were about 90% confluent, cells were transferred to T75 culture vessels, as 
described above. Once individual lines were established in 175 vessels tbey were dfher 

IS maintiriiift il hy pammgwlg nvrry AR-79. hr naing a rawt-twitli rtiliilifm, nr mnintaiiM rt Ml firiMi 

Stocks. 

EXAMPLE 4 




To analyze the status of transaction of individual genes in cloned transformed cell lines, 
nuclear run-on assays were porfonned. A monolayer of cells was established by seeding a 
T75 culture vessel with 4 x lO' fransfinmed PK-1 ceDs into 40 ml of DMEM, 10% v/v 
FBS and incubating cells until the monolayer was about 90% confluent The monolayns 
25 were washed twice with 5 ml of 1 x PBS, sepsented by treatmait with 2 ml trypsin-EDTA 
and transfeoed to 2 ml of DMEM including 10% v/v FBS. 

These cells were transferred to a 10 ml c^ed tube, 3 ml of ice-cold 1 x PBS was added 
and the contents mixed by inversion. Transformed PK-1 cells were collected by 
30 centriiugation at 500 x g for 10 min at 4°C, the si^enuttant was discarded and cells wcxe 
lesuspended in 3 ml of ice-cold 1 x PBS by gentle vwtexing. Total cell numbers were 
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deteimiiied using a haemocytcaneter; a maximvim of 2 x lO' cells was used for subsequent 
analyses. 

Thnisfinmed 1^-1 ceiDs were coUected by centiiCiigstt(m at 500 X g for 10 nm 
S iesusp«nded in 4 nd Sucrose haSex 1 (0.3 M sucnMe, 3 mM calciam ddoride, 2 mM 
magneahnn acetate, 0.1 mM EDTA, 10 mM Tns-BCl (pR 8.0), 1 mM dithio<liidlDl 
(DTT), 0.5% v/v Igepal CA-630 (Sigma)). Cells were incubated at W for 5 min to allow 
them to lyse then small aliquots were examined by phase-contrast microscopy. Under these 
conditions lysis can be visualized. Homogenates were transferred to SO ml tabes containing 
10 4 ml of ice-cold Sucrose buffer 2 (l.S M sucrose, 5 mM magnesium acetate, 0.1 mM 
EDTA, 10 mM Tris-HCl (pH 8.0), 1 mM DTT). 

To obtain efiScirait transcription run-on assays, nuclei should be purified flom other 
cellular debris. One method for this is to purify nuclei by ultta-centri&gation through 
15 sucrose pads. The final concaitiation of sucrose in a cell homogenate should be sufficient 
to prevent a large build iq> of debris at the interface between homogenate and the sucrose 
cushion. Hierefoze, flic amount of Sucrose buffer 2 added to the initial cell homogenate 
was varied in some mstances. 

20 To prepare a sucrose pad, 4.4 ml ice-cold Sucrose buffer 2 was transferred to a polyallomer 
SW41 tube OBeckman). Nuclear preparations were carefhUy layered over the sucrose pad 
and centrifiiged for 45 min at 30,000 x g (13,300 rpm in SW41 rotor) at 4°C. The 
siqpemataQt was removed and the pelleted nuclei loosened by gentle vorlexing for 5 
seconds. Nuclei were lesuspended by trituration in 200 p.1 ice cold glycool stora^ buffer 

25 (50 mM Tris-HCl (pR S3), 40% v/v gjycaol, 5 mM magnesium chloride, 0.1 mM EDTA) 
per 5 X lO' nuclei. One hundred microlitres of this suspension (approximately 2.5 x lO' 
nuclei) was aliquoted into chilled microcentrifuge tiibes and 1 |tl (40 U) RNasin (Promega) 
was added. Usually such extracts were used immediatBly for transcription nm-on assays, 
although Ihey could be fiozen on dry ice and stored at -70°C or in liquid mtrogen for later 

30 use. 
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EXAMPLES 
Nuclear transcription run-on assays 

All NIPs were obttdned tam Roche. Niidear mn-on reactions were initiated by adding 
5 100 iilof 1 mM ATP, 1 mMCTP, 1 mMGIP, S mM DTT and S |il (50 (tQ) [a^]-UTP 
(OeneWorics) to 1 00 |il of isolated nucld, piepaied as h«:einbefore desciibed. The leadion 
mix was incubated at 30°C for 30 min with shaking and terminated by adding 400 )il of 4 
M guanidine tbiocyanate, 25 mM sodium citrate (pH 7.0), 100 mM 2-meicq>to6thanol and 
0.5% v/v N-lauryl saroosine (Sohition D). To purify in vitro synBiesized RNAs, 60 |ll 2 M 
10 sodium acetate (pE 4.0) and 600 (il water^aturated phenol was added and flie nuxtue 
vortexed; an additional 120 (il chknofiinn/isoaniylalcdhol (49:1) was added, the mixtnie 
vortexed and phases separated by ceatrifiigation. 

The aqueous phase was decanted to a fiesh tube and 20 tig tRNA added as a carrier. RNA 
15 was precipitated by the addition of 650 (il isopiopanol and incubation at -20°C for 10 min. 
HNA was collected by centri&gation at 12,000 rpm at 4°C for 20 min and the pellet was 
rinsed with cold 70% vfv ethanoL The pellet was dissolved in 30 |il of TB pH 7.3 (10 mM 
Tris-HO, 1 mMBOTA) and vortexed to lesuspend file pellet 400 ^1 of Sohitian D was 
added and the mixture vortexed. The RNA was precipitated by the addition of 430 |il of 
20 . isopiopanol, incubation at -20°C for 10 mins and centrifuged at 10,000 g for 20 mins at 
4''C. The supernatant was removed and the RNA pellet washed with 70% vAr ethanol. The 
pellet was lesuspauied in 200 jil of 10 mM Tris (pK 7.3), 1 mM EDTA and incorporation 
estimated with a hand-held geiga counter. 

25 To prepare the radioactive SNAs fbr hybridization, samples were precipitated by adding 
20 fil 3 M sodium acetate pH 5.2, 500 |il eOianol and collected by centri&gation at 12,000 
X g and 4°C for 20 min. The supernatant was removed and the pellet resuspended in 1.5 ml 
of hybridization buffer (MRC #HS 1 14F, Molecular Research Centre Inc.). 



wo 01/70949 



PCT/ABOl/00297 



-39- 
EXAMPLE6 

Dot blot filtegs were prepaied for ttie detection of ^-labelled nascent mRNA tnmsctipts 
5 prqwied as heteinbefote desciibed. A Hybond NX iBlter (Ameisbam) was prqwred for 
eachPK-1 ceU line amaj^edEacbjBltarfliat was picpaind«nitainedfiHirplasmi^ 
successive one-fifth dilutions. The plasmids were pBlnesciipt (registered trademadc) Q 
S'K^ (Stratagene), pOEMActm department of Mioohiology and PaiasitalQgy, Umvendty 
of Queoialand), pCMV.Galt, andpBlufiscript3GEP. 

10 

The plasmid pCMV.Galt was constiucted by r^lacing the EGFP open readmg fiams of 
pEGFP-Nl (Clontech) with the porcine a-U-galactosyltransferase (QalT) structural gene 
sequence. Plasmid pEGFP-Nl was digested with PftiAI and Not I, blunted-ended using 
Pful polymerase and then re-ligated creating Ihe plasmid pCMV.cass. The GalT stmctuial 
IS genewasexd8edfiompCDNA3.C!alT^iesagen)asan£toSIfiagmentandliga(edinto 
flie £coRI site of pCMV.cass. 

The plasmid pBluesciipt.EGFP was constructed by excising the EGFP open reading frame 
of pECSB?-Nl and ligating this ftagment into the plasmid pBluescript (registaed 
20 trademaik)QSK:^.PIa8nudpEQFP-Nl was digested with ^ofl and and ^ 
NoH-WjFP-Xho was flien ligated into the Nod and JSAoI sites of pBluesciipt H SK^. 

Ten micrograms of plasmid DNA for each construct was digested in a vohime of 200 |il 
with (bs EcoRL The mixture was eictracted with phenol/chlorofona1soamylalc(diol 
25 followed by chloroform/isoamylalcohol extracted, thrai ethanol precipated. The plasmid 
DNA pellet was suspended in 500 jil of 6 x SSC (0.9 M Sodium CMoride, 90 mM Sodium 
Cihiate; pH 7.0) and tfwn diluted in 6 x SSC at concenhations of 1 ng/50 (it 200 ng/50 (il, 
40 ng/50 |il and g ng/SO The plasmids was heated to 100°C for 10 min and then cooled 
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An 8 X 11.S cm piece of Hyband filter was soaked in 6 x SSC for SOmin. The filter 
was then placed into a96-weill Omm) dot-Uot t^qpacatas (life Technologies) and vacunm 
locksd. Five himdiBd micioIitPBS of 6 x SSC was loaded per slot and the vacuum q>plied. 
While wiaiTitiiiTimg ^ vacuum, SO fil of each plasmid DNA concentratian for each plasmid 
5 was loaded onto 1]iefilt» as a4x4niatiix. This wasiqiUcated six times across the filla:. 
While nutintaining tte vacuum, 250 |il of 6 x SSC was loaded pa: slot The vacunm was 
then released. The filter was placed (DNA side up) for 10 min on blotting paper soaked in 
denaturing solution (1.5 M Sodium Chloride, 0.5 M Sodium Hydroxide). The filter was 
then transferred to blotting paper soaked in neutralismg solution and soaked for 5 min in 1 
10 M8odiiimdiloride,0.SMTti»-Ha(pH7.0). 

The filter was placed in a GS Gene Linker (Bio Ra<0 and 1 50 mJoules of energy qiplied to 
cross-link the plasmid DNA to the filter. The filter was rinsed in sterile water. To check the 
success of the blottmg procedure, the filter was stained with 0.4% v/v methylene blue in 
IS 300 mM sodium acetate (pH 5.2) for 5 min. The filter was rinsed twice in stoile water and 
flien dcHStained in 40% v/v ethanol. The filter was then rinsed m sterile water to remove flie 
efhanol and cut into its six individual replicates of the four-plasmid/concentiation mobix. 

EXAMPLE? 

20 Filter HybridizaHon ofNudear Transapis 

Dot blot or Southern blot filters were transferred to a 10 ml MacCartney bottle and 2 ml of 
prehybridizodon solution (Molecular Reseaich Centre Lie. # WP 117) added to each bottle. 
Filters were incubated at 42<'C ovemigfat m an incubation oven with slow rotation 
25 (Hybaid). 

The prehybridization buffer was lemoved and replaced with l.S ml of hybridization buffer 
(MRC #HS 114F, Molecular ResearA Centre Inc.) containing "P-Iabdled nascent RNA, 
as described in Examples 5 and 6, and this jHobe was hybridized to the filters at 42''C for 
30 48 hr. 
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Following hj/biidization, the ladioactively-labelled iQrbiidizatioii bufifer was removed and 
die filtos washed in washing sohition (MRC #WP 1 17). Filters were washed in a total of 5 
dian^ of wash solution, eadh change being 2 ml The washes were perfonned in Ifae 
hybridizatian oven; the first tilnee washes were at 30°C, the last two washes at SO°C. 

5 

To fiirttier increase stringency and reduce badcgnmnd, filters woe treated with KNase A. 
Filters wero placed into S ml 10 )ig/mlKNase A (Sigma), 10 mM Tns (pH 7.5), SO mM 
NaCl and incobated at ST'C fin: S min. 

10 Filters wore tiienwnvped in plastic wrap and exposed to X-T^ film. 

EXAMPUIS 
Co-uqipresshH in mamnuiUm cdiss EGFP 

15 Six PK-1 cell Hnes have thus far been examined. These six lines consist of one 
imtransformed control line (wild type) and five lines transformed with the construct 
pCMVBOFP (refer to Exan^jle 1). Two of these five lines are positive for EGFP 
expressian as visualized by uicroscqpic examinatian under UV light All cells of the 
monolayer fiom line A4g are EGPP positive, while proximately 0.1% of die monolayer 

20 cells for line A7g are EGFP positive. The remaining lines C3, C8, and CIO are visually 
negative fiv EGFP eqiressian. 

Nuclear transcription mn-on assays were performed as described in Exan^les 4 to 7, 
above. la filter hybridization analysis of the labelled products the inchision of the fbur 
25 plasnu'ds at four concentrations serves two purposes. The four concentrations spedficaUy 
indicate the minimum concentration of target plasmid required to detect the target niRNA 
transcript The fbur plasmids serve as specific targets and controls for the experiment. The 
plasmids save the fi>Uowing functions. 
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pBluesa^nSJt 

Ibis plasmid ia to check for non-specific hybridizatiaa of synthesized nuclear BNA to tte 

plasmid badcbone common to all flie target oonstrocts used. 

pBbiesaptEGFP 

This plasmid is the target of ^-labelled nuclear EGFP RNA. Hybridization to this 
plasmid indicates active ttansra^on of BGFP KNA. This was evident in lines A4g, A7g, 
C3 and C8, but not evident in Hne CIO. 

pCMV.&aT 

GalT (a-l^-galactosidyl transferase) is an endogeaous porcine gene. This plasmid thus 
saves as a positive ctmtrol target for an ndogenous porcine gene. 

P-actin is a ubiquitous gene of etdcatyotes and a common mRNA species. This plasmid, 
containing a chidoen p-actin cDNA sequence, serves as an additional positive control. 

The following conclusions can be drawn fiom the results of these experiments: 

(1) Non-^edfic hybridization to the plasmid backbone offhese constructs did not 
occur. Hybiidizatian to the GalT positive control did not occur for all Hnes. in 
agreement with expectation since tlie mKKA of this gene is not abondant 



(2) Hybridization to the P-actin gme positive control occuned for all lines in 

agreement with expectation, given the mRNA of this gene is abundant. 
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Hybridization to the EQFP gene by nascent SNA for the lines A4g and A7g 
was as eoqiected based on visual obserratioiis of BOFP esqnssion in these 



HybiidizatiQn to the E(M> gene by ni 



td BNA for sikaiced lines a and C8 



conditions for these lines. 



Co-sufipiegsion activity in line CIO has not beoi denumsttated in this 



Table 1 summarizes die expectBd outcome and the obsoved outcomes for llie 
hybridizatioa of ^-labelled nudeai RNA to the a&iemraitianed plasmids. Table 1 also 
indicates the mininnm concentiatian of target plasmid DNA for 'n^uch hybridization of Oe 

IS specific nuclear RNA was I 

TABLE 1 



20 EGFP Express -ECaTPExpiBssiQn 
E35> = Eqjected result for pros 
Obs = Observed result 
Hyb'n=hybtidizalion 
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EXAMPLE 9 

Co-m^iresmm of gates 

5 Hie inventoB deauxDstrate co-siippressiam of a tnmagene, enbanced green fliune8c«t 
{HOtein (BGFP), in cultared panane kidney cells. Hie inveotoni iiirdier demonstcate co- 
suppiesdan of a broad range of mdogenous genes in difin-ent cell types and agents such as 
viiuses, cancos aod taaneplaiilaban antigen. Particular targets inclade: 

10 (a) Bovine enterovinu ^EV). Fmzaa tines of BEV-tiaosfiumed cells are revived 
and grown dirough many generations over several weefcs/nionths before being 
challenged with BEV. Cells tiiat are effectively co-suppressed are not killed by 
the virus immediately. Uiis vira^-tolerant pheootype provides a demansttation 
of utility. 

15 

(b) Tyrosinase, the product of a gene essential for melanin (black) pigmeait 

foimatioa in skin. Silencing of the tyrosinase geoe is readily detected in 
cultured mouse melanocytes and subsequently in black strains of mice. 

20 (c) Galactosyl transferase (GalT). Silencing of the GalT gene occurs in parallel 
with cell deafli although GalT itself is not essential to cell survival. The 
inventors assume that cell death occurs because GalT is one member of a g»ie 
fimily, v^ietB members of the fimily share a similar DNA 8eqaence(s), 
reflecting similaiity of ftmction (transfer of sugar residues). Some of these 

25 genes may be essendal to cell survival. The inventors transfinm pig cells wifli 

3' untranslated region (3 '-UTR) of the GalT gme, TaSia than the entire gene, to 
target segmoats that are unique to GalT &r degradation, and hence silence GalT 

30 (d) Thymidine kinase (TK) converts thymidine to thymidine monqphospbate 

(IMP). The drug S-bromo-Z'-deoxyuiidine (BrdU) selects cdls that have lost 



-45- 




30 (0 
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expresakni. la canca cells tiiat expteaa normal p53 jtrotem at normal levels 
(some 50% of all faiman cancos), tlie eiqitession of p53 is under the contiDl of 
YB-1, such Hiat silencing of YB-1 lesultg in ioaeased levels of pS3 protein and 
conseqoentapoptosis. 

5 

EXAMPLE 10 
Generic technjques 

1. Tissue cuUme nullifications 

10 

(a) Adherent cell Unes 

Adbexeat cell maaolayers were grown, maintained and cottnted as described in Example 1. 
Growfli medium consisted of either DMEM siqiplemeDted wifli 10% vAr FBS or RPMI 
IS 1640 Medium (Ufe Technologies) si^plemented with 10% v/v FBS. Cells woe ahrays 
grown in inciibatois at 37°C in an atmosphoe containing S% v/v CO2. 

Dmiog the course of these eiqieriments it was fiequently necessary to passage Ifae cell 
monolayer. To achieve this, tlie monolayers were washed twice with 1 x PBS and then 

20 treated wifli trypsin-EDTA for 5 min at 37°C. The volumes of trypsin-EDTA used &r such 
manipulations were typically 20 nl, 100 fil, 500 ^1, 1 ml and 2 ml for 96 well, 48 well, 6 
well, T25 and T75 vessels, respectively. The action of flie trypsin-EDTA was stopped with 
an equal volume of growb medium. The cells were suspended by HituradorL A 1/S vohune 
of the cell suspension was then transfened to a new vessel containing growth medium. 

25 Tissue culture medium volumes were typically 192 |il for 96-well tissue culture plates, 360 
Hi for 48-wbU tissue culture plates, 3.8 ml fi»r 6-welI tissue culture plates, 9.6 rnl for T25 
and 39.2 ml for T7S tissue cultme vessels. 

Cell suspensions were counted as described in Example 1, above. 
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(b) NmnuBterent cells 

Non-adhraent cells were grown in growth medium similarly to adbesrent cell lines. 

5 As in flie case of adherent monolayen, fieqaent changes of tissue cultme vessels were 
necessary. For T25 and T75 vessels, fhe cell suqioision was lemoved to SO ml sterile 
plastic tubes (Falcon) and centrifiiged for 5 min at 500 x g and 4°C. The supernatant was 
Ifaen discarded and the cell pellet suspended in growth medium. Ihe cell suspension was 
Ibai placed into a new tissue culture vessel. For 96-well, 48-well, and 6-well vessels, the 
10 VBSseb wen centrifiiged for S min at 500 xgaiid4°C. Ihe siqieniatant was then aqtfa^ 
away fiom the ceU pellet and the cells soqiended m growth medium. The cells wen then 
transferred to a new tissue culture vessel Tissue culture media volumes were typically 200 
III for 9ft-well tissue culture plates, 400 fil for 48-well tissue culture plates, 4 ml for 6-well 
tissue culture plates, 11 ml for T25 and 40 ml for T75 tissue culture vessds. 

15 

Passaging the cell su^ensions was achieved in fbs followmg mannar. Cells were 
coiirifiigBd for 5 min at 500 xg and 4''C and suspended in 5 ml growth medium. Then 0.5 
ml (125) or 1.0 ml CnS) of &e cdl suqtensitm was traosferred to a new vessel contamhig 
growth medium. For cells m 96-well, 48-well, and 6-well plates, a 1/5 vohme of cells was 
20 transferred to the corresponding wdls of a new vessel containmg 4/5 vohime of growth 

Cells wrae counted as described for adherent cells. 

25 2. Protocol for freezing cdb 

Cells stored for lator use were fiozen according to the protocol outlmed rn Exanq>le 1, 
above. Adherent monolayers were washed twice with 1 x PBS and ttm treated with 
trypain-EDTA (Life Technologies) fi>r 5 min at 37<>C. Non-adherent cells were coitri&ged 
30 fi>r5mmatS0Oxgand 4<>C. The cells were suspended by trituratian and transfored to 
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Storage mediuin consisting of DMEM KFMI 1640 siqiplemeiited wifh 20% v/v FBS and 
10% v/v dimethylsulfbxide (Sigma). 

3. doming of c^Unes 

5 

Adherent and Eon-adliQstit mamnialian ceU types were trans&cted with qiecific plasndd 
vectors carrying e^jressicm constructs to target specific gones of intetest Stable, 
transformed cell colonies were sheeted over a poiod of 2-3 weeks using cell growth 
medium (either mmS, 10% r/v FBS or RPMI 1640, 10% v/v EBS) sapplemented with 
10 g6D€ticin or punimycan. Eodividual colonies were clonfid to establish new trans&cted cell 
lines. 

(a) Adherent cells 

15 As opposed to the dilution cloning method outlined in Exaiople 3, above, in further 
examples using adherent cells, individual lines were cloned fiom discrete colonies as 
follows. First, the medium was removed fiom an individual well of a 6-well tissue railtnre 
vessel and the ceJI cokmies washed twice with 2 nd of 1 X PBS. Nex^ individual colcmies 
were detached fiom the plastic culture vessel with a sterile plastic pipette tqi and moved to 

20 a 96-well plate containing 200 )U of conditioned medium (see Example 1) supplemented 
with either geneticin or puiomycin. The vessel was then incubated at 37°C and 5% v/v 
CO2 for approximately 72 hr. Individual wells were microscopically examined fi>r growmg 
colonies and the medium nplaced with fteA growth medium. Whoi die monolayer of 
each 8td>le line bad resided d)oat 90% confhiency it was tranB&ned in successive steps a^ 

25 previously described until the stable, Ixansfijrmed line was housed in a T25 tissue culture 
vessel At fins point, alicpiots of each stable cell line were fix>zen for long teem 

(b) NoH-adhereni cells 

30 • 

Non-adherent cells were cloned by the dilution cloning method described in Sxan^e 3. 
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4. Cettuudeiisolaaottprotaeel 
(a) Adherent cells 

5 

A 100 mm Petri dish (Costar) or T75 flask containm^ 

RPMI 1640) including 10% v/v FBS was seeded with 4 x lO' cells and incubated at 37°C 
and 5% vAr CO2 until the monolajw was about 90% confluent (overnight). The Petri dish 
contaiuing the monolayer was placed on a bed of ice and chilled before processing. 
10 Medium was decanted and 8 ml oflx PBS (ice cold) waa added to the Petri diah, and the 
tissue monolayer wadied by gently loddoig (he dish. The PBS was again decanted and fbe 
wash rq>eated. 

The tissue monolayer was overiaid with 4 ml of ice-cold sucrose buffer A [0.32 M sucrose; 

15 0.1 mM EDTA; 0.1% v/v Igepal; 1.0 mM DTT; 10 mM Tris-HCl, pH 8.0; 0.1 mM PMSF; 
1.0 mM EGTA; 1.0 mM Spermidine] and cells lysed by incubating them on ice for 2 nun. 
Using a cell scraper, adherent cells were dislodged and a small aliquot of cells examined 
by phase-contrast micioscopy. If Hbe cells had not lysed, fhey were trans&ied to an ice- 
cold dounce homogenizer (Bram) and broken with 5-10 strokes of a ^e S pestle. 

20 Additional strokes were sometimes required. Cells were then examined microscopically to 
verity that nuclei were firee Qom cytoplasmic debris. Ice-cold sucrose buffer B [1.7 M 
sucrose; 5.0 mM magnesium acdate; 0.1 mM EDTA; 1.0 mM DTT. 10 mM Tris-HCl, pH 
8.0; 0.1 mM PMSF] (4 ml) was then added to the Petri dish and the bafCets mixed hy 
gentle stkring with the cell scrqier. The final concentratian of sucrose in cell homogenales 

25 should be sufSciait to prevaot a large build-up of debris at the inta^face between the 
hofflogenate and the sucrose cushion. The amount of sucrose baSB 2 added to cell 
homogoiate may need to be acyuated accordingly. 
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fl)) Non-adherent celb 

A T75 tissue culture vessel ocmtaining 30 nil of growth medium (DMEM or SPMI 1640) 
mcluding 10% v/v FBS was seeded wiOi 4 x lO" cells sod incobsted at 37°C and 5% v/v 
5 CO2 ovemig^ 

The contents of the T75 flask were transferred to a 50 ml screw-capped tube (Falcon), 
which was placed on ice and allowed to chill before processing. The tube was centrifuged 
at 500 X g for 5 min in a chilkd centrifuge to pellet cells. Medium was decanted, 10 ml of 
10 1 X PBS (ice cold) added to tbe tube and tiw cells easpeaded by gentle tntmatian. The PBS 
was again decanted and the wash repeated. 

Cells were suspended in 4 ml of ice-cold sucrose bufier A and lysed by ineiibating on ice 
for 2 mitt and, optionally, by dounce homogBnisaticni, as described above for adherent cdUb 
15 lines. 

(c) Isolation protocol 

Nuclei were isolated from cellular debris by sucrose pad cadrifiigation, according to the 
20 protocol desciibed in Exanqile 4. except that sucrose buffos 1 and 2 were replaced by 
suiaose bufiera A and B, re^ectively. 

S, Niideartrauser^tUmnm^ protocol 

25 Esaniple 5 provides the method, by miclear transcription run-on protocol, fijr the 
prq)aration of [a-*^P]-UTP-labelled nascent RNA transcripts for gene-specific detection 
by filter hybridization (Examples 6, 7 and 8). To detect gene-specific transcription run-on 
products, an alternative approach to filter hybridization is the ribonuclease protection 
assay. Strand-spedfic, gene-specific unlabelled RNA probes are prepared using standard 

30 techniques. These are annealed to '^P-labelled RNAs isolated fiBm transcription nm-on 
experiments. To detect double-stianded RNA, amiealing reaction products are treated with 
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a mixture of single strand specific RNases and reaction products are eionnined using 
PAGE. Techniques for this are well known to Otose egqierienced in fbe art and are 
described in RPA IE (trademark) handbook lUbonncIease Protection Assay' (Catalog #s 
1414, 1415rAmbion Inc.). 

5 

An additioDal mdbod was used for the pi^aratian of bioiiii-labelled nascent KNA 
tnmscripts (Patrone et al. , 2000) for g^e specific detection by real-time PCR assays. Intact 
tniclei were isolated fivm adhorent and non-adherent cell types (refer to Examples 12-19, 
below) and stared at -70°C in concentrations of 1 x lO' per ml in glycerol storage bnffer 
10 [SO mM Tris-HO, pH 8.3; 40% v/r glycerol, S mM MgClj and 0.1 mM EDTA]. 

One hundred microlitres of nuclei (lO') in glycerol storage buffer was added to 100 jil of 
ice cold reaction buffer supplemented with nucleotides [200 mM KCl, 20 mM Tris-HCl 
pH 8.0, 5 mM Mga2, 4 mM dithiothreitol (DTT), 4 mM eadi of ATP, GTP and CTP, 200 
IS mM sucrose and 20% v/v glycerol]. Biotin-16-UrP (finm 10 mM tetralifhium salt; Sigma) 
was siqiplied to the mixture which was incubated finr 30 min at 29°C. The reacticn was 
Btoi^sed, the nuclei lysed and digestion of DNA initiated by the addition of 20 |il of 20 mM 
calcium chloride (Sigma) and 10 )tl of 10 m^ml SNase-free DNase I (Roche). The 
mixture was incubated for 10 min at 29''C. 

20 

Isolation of nuclear nm-on and total, including cytoplasmic, RNA was performed using 
TRIzol (registered trademadc) reagent (Life Technologies) as per the manu&cturer's 
instructions. BKA was sospended in 50 )il of KMase-fiee water. Nascent biotin-16-TJTP- 
labelled run-on transcripts are Ifaen purified fmsa total BNA osing strqrtavidin beads 
25 (Dynabeads (registHed fradanaik) kilobaseBINDER (trademark) Kit, Dynal) according to 
(he manu&cturer's instructions. 

Real-tniie PCR reactions are perfinmed to quantify gene transcription rates finm these run- 
on aqxrimants. Real-time PCR chemistries are known to those fimiiHar with the art Sets 
30 of oligonucleotide primers are designed which arp q)ecific for transgeoes, endogenous 
genes and iibiquibrasly-expTGSsed control sequences. Oligonucleotide amplification and 
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leparter primers an designed using Primer Express software Q>erkin Elmer). Relative 
tnmsciipt levels ate qnmfified using a Rotor-Gene RO-2000 system (Coibett Research). 

6. DetecHoHofmSlU 

S 

Riboundease protecticm assay, Tising &s me&od of annealing mdabelled mRNA to 
labelled probes, may be used to detect transcripts of endogenous genes and transgenes in 
die cytoplasm. Reaction products are examined using PAGE. Steady state levels of RNA 
products of endogenous genes and transgenes are assessed by NorOiem analysis. 

10 

Alternatively, relative mRNA lorols are quantified using realtime PGR vHb a Rotor-Oene 
RG-2000 system widi amplificatian and repottar oligonncleotides designed using Primer 
Express software for specific tiansgraies, endogenous genes and ubiquitously-eiqnessed 
control genes. 

15 

7. Southern Not (mafysbofmamiiuiUm genomic DIM 

For all sni>sequent examples^ Southern blot analyses of genomic DNA were carried out 
according to the fbllowiug protocol. A T7S tissue culture vessel containing 40 ml of 
20 DAIEM or RPMI 1640, 10% v/v FBS was seeded with 4 x lO' cells and incubated at 37°C 
and5%v/vC02for24hr. 

(a) Adherent cdb 

25 Fw adhfitait cells, proceed as follows: decant medium and add 5 ml of 1 x PBS to the T75 
flask and wash the tissue monolayer by gently roddng. Decant the PBS and repeat washing 
of the tissue monolayer with 1 x PBS. Decant the PBS. Overlay the monolayer with 2 ml 1 
X PBS/1 X TiypsiurEDTA. Cover the surface of flie tissue monolayer evenly by gaitle 
Toddng of the flask. Incubate the T7S flask at 37°C and 5% v/v COj until the tissue 

30 monolayer separates fiom die fladc Add 2 inlofmedinminchiding 10% vAr FBS to the 
flask. Under microscopic examination, the ceUs should now be smgile and round. Transfer 
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fhe cells to a 10 ml cqq>edtiibe and add 3 ml of ice-cold 1 xFBS. Invert the tube several 
times to mix. Pellet the cells by centrifiigatian at 500 x g for 10 min in a lefiigerated 
centrifuge (4°C). Decant the supernatant and add S ml of ice-cold 1 x PBS to the cqiped 
tube. Suqiend the cells by gentle voitexing. Detenmne the total number of cells using a 
S haonocytometer slide. Cell mmibers Aanld not succeed 2 x 10*. PeDet fiio cells by 
centiifbgation at 500 x g for 10 min in a lefiigotated coitrifiige (4°C). Decant the 
supernatant. 

(b) Non-adherent cells 

10 

For tton-adherent cells proceed as follows: decant cdl suspension into a SO ml Falcon tnbe 
and centii&ge at SCO x g for 10 min in a refrigerated craitrifuge (4°C). Decant the 
supernatant and add 5 ml of ice-cold 1 x PBS to the cells and suspend the cells by gentle 
vortexing. Pellet the cells by centrifogation at 500 x g for 10 min in a refiigerated 
IS centrifoge (4°C). Decant the sqiematant and add 5 ml of ice-cold 1 X PBS to the Falcon 
tube. Suspend the cells by gentle vortexing. Detemnne the total number of cells using a 
haiBnocylometer slide. Cell numbers should not exceed 2 x lO'. Pellet the cells by 
centrifiigation atSOOxgforlOminina lefiigerated ccDlrifuge [A'Q. Decant the 

20 

(c) DNA extraction and analysis 

Genomic DNA, for both adherent and non-adherent cell lines, was extracted using the 
Qiagen Genomic DNA extraction kit (Cat No. 10243) as per the manuficturer's 
25 instructions. The concentnition of genomic DNA recovered was detennined nang a 
Beckman model DU64 photospecttometer at a wavdengQi of 260 nm. 

Genomic DNA (10 |ig) was digested with Eqppropiiate lesttictian eodonucleases and bulG^ 
in a vohnne of 200'|il at ZTC for approximately 16 far. Following digestion, 20 )il of 3 M 
30 Bodmm acetate pH S.2 and 500 pi of absolute ethanol were added to die digest and ttie 
sohitions mixed by vtatexing. The mixture was incubated at -WC for 2 br to precipitate 
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fbe digested genomic DNA. The DNA was pelleted by centiifiigatioii at 10,000 x g fiir 30 
nun at 4<'C. The supemataat was removed and the DNA pellet wacihed wilh 500 fil of 70% 
vfv ethanol. The 70% v/v ediaDDl was maoved. Hie pellet air-dried, and flie DNA. 
suspended in 20 ftl of water. 

5 

Gd loading dye (0S15% w/v teomophraiDl blue (Sigma); 0.25% wAr x^ene cyanol FF 
(Sigma); 15% wfv KcoU Type 400 (Phaimacia)) (5 |il) was added to the resospended DNA 
and the mixture transferred to a well of 0.7% w/v agaioso'TAE gel containing 0.5 ng/ml of 
efiudium brcntnide. The digested geaomic DNA was declropboiesed through the gel at 14 
10 v(dtsfi)r£^»»ximatdyl6hr.Aiiq)prqptiateDNAsizemad{]erwaBinchidedinaparaM 



The digested genomic DNA was (hen denatured (1.S M NaCl, 0.5 M NaOH) in the ^1 and 
HiB gel neutralized (1.5 M NaO, 0.5 M Tris-HQ pH 7.0). The electiophoresed DNA 
15 fiagmentBWBie thai ci^iUaiy blotted to Hybomd NX (Amersham)menibranB and fixed by 
UV cross-linking (Bio Rad GS Gene linker). 

The membrane contaming Ifae cross-linked digested geaomic DNA was rinsed in sterile 
water. The membrane was thai stained in 0.4% v/v methylene bhie in 300 mM sodium 
20 acetate (pB. 5.2) Sx S min to visualize Oa transfened genomic DNA. The membrane was 
dim rinsed twice in slmle water and destained in 40% v/v eflianol. Hie manbrane was 
then rinsed in sterile water to remove ethanol. 

Hie membrane was placed in a Hybaid botHe and 5 ml of pre-lqibridization solution added 
25 (6 X SSPE, 5 X Denhardt's reagrait, 0.5% w/v SDS, 100 figfeil denatured, fragmented 
herring spenn DNA). The membrane was pre-hybridized at 60°C for tqiprDximately 14 hr 
in a hybridization oven with constant rotaticm (6 ipm). 

Probe (25 ng) was labelled witii [o'^P]-dCTP (specific activity 3000 Ci/mmol) using the 
3 0 Megqjrime DNA labelling system as per the manufacturer's mstructioiis (Amersham Cat 
No. RPm606). Labelled probe was passed duough a G50 Sephadex Quick Spm 
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(trademark) column (Eloche, Cat. No. 1273973) to remove unincorporatBd nucleotides as 
per the manuJSictnrar's instructions. 

Tbe het^^tenatared labdled probe was added to 2 ml of hybridization buEEer (6 x SSPE, 
5 0.5% vfv SDS, 100 [igtel denatured, fiagmented heuing speim DNA) pre-vracmed to 
60°C. Hie pi&-}q>biidizati(Hi huOa was decanted and rqilaced with 2 ml of pre-warmed 
loMdizatian bufibr containing Ibe labelled probe. The mem^^ 
for approximately 1 6 lir in a hybddizatioii oven v/iSi constant rotation (6 tpm). 

10 Hie hybiidizatioa bnjGEer containing the probe was decanted and die mendnane siitgected 
to several washes: 

2 X SSC, 0.5% w/v SDS for 5 min at room tenopwatur^ 
2 X SSC, 0.1% vf/v SDS for 15 min at room tenperature; 
15 0.1 X SSC, 0.5% w/v SDS for 30 min at 37°C wifli gentle agitating 

0.1 X SSC, 0.5% wAr SDS for 1 hour at €g°C witti gentle agitation; and 
0.1 X SSC for 5 min at room ten^wrature with gentle agitation. 

Washing duration at 68°C varied based on the amount of radioactivity detected with a 
20 faand-hddaeiger counts:. 

The damp membrane was wrapped in plastic wrap and exposed to X-ray film (Curix Bhie 
HC-S Fhis, AGFA) for 24 to 4S br and the fihn developed to visualize bands of probe 
hybridized to genomic DNA 

25 

& Immmtoftuorescetttbibaangofailtiiredcdls 

Glass microscope covis: slips (12 mm x 12 mm) were flamed wifli ellianol Aict suhma-ged 
in 2 ml growth medium, two per well, in six-well plates. Cells were added to wells m 1-2 
30 ml medium to give a density of cells after 16 hr gtowfii such tiiat cells remain isokted 
(200,000 to 500,000 per wdl dq)ending on size and growth rate of cells). Wiftout 
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removing the cover slips from wells, the medium was aspirated and cells were washed with 
PBS. For fixation, cells were treated for 1 hr with 4% w/v parafonnaldefcyde (Sigma) in 
PBS then washed lliree times with PBS. Fixed cells were penneabilized with 0.1% vA' 
Ititon X-100 (Sigma) in PBS &r S min fbta washed fliree times with PBS. Cells on cover 
S dips were bloc^ on ODB drop (Aoutl(X)|iQof0.5% w/v bovine serum albumin 

V (BSA, Sigma) for 10 min. Cover slips were then placed for at least 1 h on 25 (tl drops of 
primary mouse monoclonal antibody which had been diluted 1/100 in 0.5% v/v BSA in 
PBS. Cells on cover slips were then washed three times with 100 (il of 0.5% v/v BSA in 
PBS for about 3 min each before being placed for 30 min to Ihr on 25 ^l drops of Alexa 

10 Fhjor (registered tradenudc) 488 goat anti-mouse Tgf} coqugate (Molecular Probes) 
secondary antibody dilated 1/100 in 0.5% v/v BSA in PBS. Cdto on cover slips were then 
washed Suee times with PBS. Cover slips were mounted on glass microscope slides, three 
to the slide, in glycerol/DABCO [25 mg/ml DABCO (1.4-diazabicyclo(2.2.2)octane 
(Sigma D 2522)) in 80% v/v glycerol in PBS] and examined with a lOOX oil inmwrsion 

IS objective under UVilluimnatian at SOO-SSOnm. 



The compositions of DMBM, Qm-MEM I (registered trademark) Reduced Serum 
20 Medium, PBS and IVypsin-EDTA used are set out in Example 1. 

(a) RPAfl 1640 Medium 

A comnumal focmulation of SPMI 1640 medium (Cat No. 21870) was used and obtained 
25 from life Technologies. The liquid formulation was: 



9. 




Ca(N03)2.4H20 



lOOmg/1 
400mg/l 
48.84 mg/l 
6,000 mga 
2,000 mg/l 



KCI 



30 



MgS04(anhyd) 
NaCl 



NaHCOj 
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NaH2P04(ai]hyd) 800mg/l 
D-^ncose 2,000 ngA 

(HutattuoneCiBduced) l.Omg/1 



Phenol Bed 


5mg/l 


L-Aignum 


200mg/l 


L-Aspaiagine (fiee base) 


SOmgrt 


I^AsparticAcid 


20ing/l 


L-Cystine.2HCI 


65ing/l 


L-Glntamio Add 


20mgfl 




lOwgfl. 


L-EOstidineCfieebase) 


ISmgfl 


L-Hydroxyproline 


20mg/I 


L-Isoleucine 


SOmg/l 


L-Leucine 


50mg/l 


L-Lysine.HCI 


40mg/l 


L-Metbiosine 


15mgA 


L-Phen^alaninB 


ISmg/I 


L-Proline 


20mg/l 


L-Serine 


SOmga 


L-TTireonine 


20mg/I 


I^Tryptophan 


5mgA 


L-Tyroaine.2Na.2H2O 


29mg/l 


L-Valine 


20 


Biotin 


0.2mg/l 


D-Ca Pantothenate 


0.25 mg/1 


Choline chloride 


3mg/l 


Folic Acid 


1 mg/l 


i-Inositol 


35mg/l 


Niacinamide 


lmg/1 


Fara-aminobcnzioc Add 


Img/l 


FyridoxiiieHCI 


Img/l 
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Vitaa]mB]2 



Kiboflavin 



ThunimeHCI 



0.2 mg^ 
O.OQSmsl 



5 



examfle: 



freparaSm of/liamid eonstmct cassettes far use in adiieviiig costppresiam 

1. GeHertemAbeliaian,eDNA^yHtkalsaHdPCRpriaeea 

10 Total RNA was porifiedfixni die indicated cdllmesusmgmSNw^ 

to the manufactiiter's protocol (Qiagen). To prepare cDKA, Hus VINA was revene 
transcribed using Onmiscript Reverse Transcriptase (Qiagen). Two mictDgiams of total 
UNA was reverse transcribed using 1 fiM oligo dT (Sigma) as a prima in a 20 jil reaction 
according to the manufacturer's protocol (Qiagen). 



To afflplify specific products, 2 pi of this mixture was used as a substrate for PCR 
amplification, which was pstfimcaed using HotStaiTaq DNA polymerase according to the 
manuficturer's protocol (Qiagoi). PCR anq>lification conditians involved an initial 
activation step at PS'C for IS mins, followed by 35 anplification cycles of 94°C for 30 
20 sees, 60°C for 30 sees and 72°C for 60 sees, with a final elongation step at 72°C fin: 4 

PCR products to be cloned were usually purified using a QIAquick PCR Purification Kit 
(Qiagen); in instances where multiple fiagmoits were generated by PCR, the firagment of 
25 the correct size was purified fixnn agarose gels using a QIAquidc Gel Purification Kit 
(Qiagen) according to the manuficturer's protocol. 

Amplification products were flien cloned into pCR (registered tradanaik)2.1-TOPO 
(favitrogen) according to the mami&cturer's piotocoL 



15 



30 
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2. Generic cloning techniques 

To prepare the craistiuots described below, insert ftagments were excised fixim 
intermediate vectois using restriction enzymes acc(ading to the mmufactnrer's protocols 
5 (Roche) and fragments purified fiom agarose gds using QIAquidc Gel Fuiificatian Kits 
(Qiagen) according to the nunnifictnrer's protocol Vectors were usually prepared by 
restriction digesiimi and treated with Slmmp Alkaline Fhoq>I]atase according to the 
manu&ctuier's protocol (Amersham). Vector and inserts wea» ligated using T4 DKA 
ligase accordtng to Hie manu&cturer's protocols (Roche) and bans&nned into competent 
10 £ coH strain DHSa using standard pnxsedures (Sambrook et oL; 1984). 

3. Conslruels 

(a) Commercial jpiasmids 

15 

PlasmidpEGFP-Nl 

Plasmid pEOFP-Nl figure 1; Clontech) contains the CMV IE promoter operably 
connected to an open reading fiame encoding a red-sbified variant of the wild-^pe GFP 
-vAMi has been optimized for brighter fluorescence. The specific OTP variant encoded by 

20 pEGFP-Nl has been disclosed by Cormack er aL (1996). Plasmid pEGFP-Nl contains a 
multiple cloning site comprising fgfll and BaniBS. sites and many other restriction 
endonuclease cleavage sites, located between the CMV IB promoter and the EGFP open 
reading fiame. The plasmid pEOTP-Nl will express the EGFP protein in mammalian cells. 
In addition, structural gmes bkmed into the multiple cloning site will be expiessed as 

25 EGFP fusion polypq)tides if they are in-frame with the EGFP-encoding sequMice and lack 
a frinctianal translation stop codon. The plasmid finfher conpises an SV40 
polyadeiqdation signal downstream of the EGFP opera reading frame to direct proper 
processus of the 3'-end of mKNA transcribed from the CMV IE prompter sequence 
(SV40 pA). The plasmid thrtha comprises the SV40 origin of r^lication functional in 

30 animal cells; the neomyoin-resistance gene comprisnig SV40 early promoter (SV40-E in 
Figure 1) operably connected to the neomycin/kanamycin-resistance gene derived from 
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PlasmidoPXm 

Flasmid pPUR is commeiciaUy available from Clontecli and comprisos Ihe SV40 early 
promoter openibly connected to an open reading frame encoding the Streptomyces 
alboTtiger pmonqvin-N-acetyl-transferaae (pac) gene (de la Luna and Qrtin, 1992). The 
S plasmid finflier conqnises an SV40 polyadenylatian signal dowDBtream of fiie pac open 
leading fiame to direct processiiig of Hie 3'-ead of mRNA tiansctibed fiom die 
SV40 E pRimota sequence. The plasmid fiufhet conqnisea a bacterial leplicatian oiigin 
and the anqncillin lesiBtance (P-lactamase) gene fiir propagatian in E. coU. 

10 (b) Aaermedlate cassettes 



Plasmid T0P03GI2 comprises the human p-globm intron number 2 (BGI2) placed in the 
multiple cloning region of plasmid pCR (registered trademaric) 2.1-TOPO. To produce this 
IS plasmid, Ifae human p-globin intron nnmber 2 was anqilified fiom human genomic DNA 
using fliB ampUficalian primers: 

GDI GAGCrCTTCAGGGTGAGTCTATGGGACCC[SEQIDNO:l] 
and 

20 GAl CTGCAGGAGCTGTGGGAGGAAGATAAGAG[SEQIDN0:2] 

and cloned into plasmid pCR (registered trademark) 2.1-TOPO to make plasmid 
T0P03GI2. BGI2 is a fmctianal intron sequeace that is capable of being post- 

25 

Plasmid TOPO.PUR 

Plasmid TOPO.PUR comprises the SV40 B promoter, flie puromycin-N-acetyl-transfeiase 
gene, and Ifae S V40 polyadenylation signal sequence fiom tfae plasmid pPUR placed in die 
multiple cloning region of plasmid pCR (registered tradmaik) 2.1-TOPO. To produce tins 
30 plasmid, the region of plasmid pPUR containing the SV40 E promoter, the puromydn-N- 
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acetyl-transferase geos, and the SV40 polyadenylation signal sequence was an^lified fixim 
plasmid pPUR (Cltratooh) using tie amplification primers: 



4/rai-pPUR-Rev ATGAGGACACGTAGGAGCTTCCTG[SEQIDN0:4] 

and cloned into plasmid pCR (legisteRd trademaik) 2.1-TOFO to maike plaanid 
TOPO.PUR. 




Plasmid pCEktV.cass (Figure 2) is an eiqnsssion cassette for driving eiqiressian of a 
IS stractoral goie sequence under control of the CMV-IB pinmoter sequence. Plasmid 
pCMV.cass was derived from pEGF?-Nl (Kgure 1) by ddeticm of the EGFP open reading 
ftame as follows: Plasmid pEGFP-Nl was digested with PinM and Noff, blunt-ended 
using Pfid DNA polymerase and then religated. Structural gene sequences are cloned into 
pCMV.cass using the multiple cloning site, which is identical to the multiple cloning site 
20 of pEGFP-Nl, except it lacks the i»iBAI site. 

Plasmid pCMV.BGI2.cass 

To create pCMV.BGI2.cass (Figure 3), the human p-globin introa sequence was isolated 
aa a SacUPsO. &^ent &om T0P0.BGI2 and cloned between Hie Sad and PsH sites of 
25 pCMV.cass. In pCMV.BGI2.cass, any RNAs transcribed fiom the CMV promoter will 
include the human P-giobin intron 2 sequences; these intron sequences wiU presumably be 
excised &om transcrqrts as part of the noimal intron processing machinery, since the intion 



ices include both the splice donor and apUce accqitor sequences necessary for 



4/mi-pPUR-Fwd TCTCCTTACGCGTCTGTGCGOTAT[SEQn)NO:3] 



S and 




30 
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EXAMPLE12 

Cosi^ression of Green nuoreseau Protein te tordneBibuy Type 1 eOs te vUro 
1. CuUuriHgofceBlbiea 

5 

PK-I cdls (decived fiom poreine kidney ^fhetial cells) weie grown as adhenait 
moDOli^ nsing DMEM siqipleDKnted vrifh 10% vArFBS, as described in Exan{)le 10, 
above. 

10 2, Pnparattan of genetic eonsOvea 




IS Plasmid pBluescriptEGFP conqnises the EGFF open readiiis frame derived fiom plasmid 
pEGFP-Nl (Figure 1, refer to Bicample 11) placed in the multiple cloning region of plasmid 
pBIuesci^ n SK^ To produce this plasmid, the EGFP open reading fiame was excised 
fiom plasmid pEGFP-Nl by restriction endonuclease digestion uang the enzymes Nod and 
JOiol and ligated into NotVXhol digested pBluescnpt H SK^. 

20 

Plasmid pCR.Bgl-GFP-Bam comprises an mtemal region of the EGFP open reading ftame 
derived fiom plasmid pEGFP-Nl (Figure 1) placed in the multiple cloning region of 
plasmid pCR2.1 (Invitrogen, see Example 11). To produce this plasmid, a region of ttie 
25 EGFP open reading frame was an^lified from pEGPP-Nl using the amplification primers: 

Bgl-GFP: CCC GGG GCT TAG TGT AAA ACA GGC TGA GAG [SEQ ID N0:5] 

GFP-Bam: CCC GGG CAA ATC CCA GTC ATT TCT TAG AAA [SEQ ID N0:6] 
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and cloned into plasmid pCR2.1, according to the manu&ctmci's directiaDB (Inviliogaa). 
Tbe intamal EGFP-eacoding ngioa in pbsmid pOUBgl-CHPF-Bam lacks fimctiomd 
translational start and stop codons. 

5 Plii^nCMV.GFPJGl2J>FG 

Plasmid pCMV.<3EP3GI2 JFG (Kgure 4) contains an inverted lepest or palindrome of an 
internal region of the EGPP open reading ftame that is intemqrted by the insertion of the 
hinnaa P-globin intron 2 sequence therein. Plasmid pCMV.GFP.BGI2.PFG was 
constructed in successive steps: (i) the GPP sequence fiom plasmid p<3LBgI-GFP-Ba]n 
10 was sub-domed in (he sense oneotation as a i7.^/n-to-^amHIfisgmfflti^ 

pCMV£GI2.caES (Figure 3, lefer to Bxaitq>le 1 1) to make plasmid pCMV.(M'.BGI2, and 
(ii) the GFP sequoice fiom plasmid pCRJBgl-GFP-Bam was sub-cloned in flie antisenae 
orientation as a Bgin.-to-BemiBI fiagment into SomHI-digested pCMV.GFP.BGI2 to make 
the plasmid pCMV.GFP3GEJPFG. 

IS 

(b) Testpkamids 

Plasmid pCMVJBGFP (Figure 5) is cqiable of expressing tbe entire EGFP open reading 
20 firame under the control of CMV-IE promoter sequence. To produce pCMV.EGFP, the 
EGFP sequence from pBluescriptEGFP, above, was sub-cloned in the sense orientation as 
a Bam31-to-Sacl fiagment mto fgSXZ&cI-digested pCMV.cass (Figure 2, refer to 
Bxan^le 11) to make plasmid pCMV.EGFP. 

25 Plasmid pCM\^.BGI2.cass 

Plasmid pCMV^JBGI^.cass (Figure 6) contains a pnromycin lenstance selectable marker 
gene in pCMV.BGI2.cass (Figure 3) and is used as a control in fiiese experimoits. To 
create pCMV^'.BGE.cass, the puramydn resistance gene ftom TOPO JUR (ExaBq)le 10) 
was cloned as an 4/ZII fiagment into ^/ZQ-digested pCMV.BGI2.cass. 

30 
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Pfatmirf r.Cm^.GFP.BGni'FG 

Fbsmid pCJMV'.GFP JGB JFG (Rgme 7) contwus an inverted repeat or palindrome of 
an intemal r^on of fhe EGtT open reading frame fliat is iaterrapted by the insertion of 
the hiimm p-globin intnn 2 seqaoDce fhsrain and a pniomycin ledstance selectable 
5 matter goiie.PlasmidpQtfV'".GFP30I2JFG was constnicted by clamngfl^ 

resistance gene ftom TOPOJUR (Exan^le 10) as an y^ZH ftagment into i^/JH-digested 
pCMV.GFP.BGI2 J»FQ (Figure 4). 

3. Detection ofeesuppraabm pheuoffpe 

10 

(a) Insertion (^EOFP-expresstng tmnsgene into PK-1 cells 

Transfbnnations were performed in 6 well tissue cultnre vesseils. Individual wdla were 
seeded with 4x10* PK-1 cells in 2 ml of DMEM, 10% v/v FBS and incubated at SrC. 5% 
1 5 v/v CO2 until the monolayer was 60-90% confluent, typically 1 6 to 24 hr. 

To transfiam a single plate (6 wells), 12 |ig of pCMViGFP (Figure 5) plasmid DNA and 
108 Hi of GeiieiPORTER2 (trademark) (Gene Then^iy Systems) were diluted into Ora- 
MEM-I (registered ttademailc) to obtain a final VDlume of 6 ml and incubated at loom 
20 temperature for 45 nun. 

The tissue growth medium was removed fiom each well and the monolayers therein 
washed with 1 ml of 1 x FBS. The monolayGra were overlayed with 1 ml of the plasmid 
DNA/GeneP0RTER2 (tiademaik) conjugate for each well and incubated at ZTC, 5% v/v 
25 C02fbr4.5hr. 

Ora-MEM-I (registered tradanadc) (1 ml) siqjplemented wift 20% v/v FBS was added to 
each well and the vessel incubated for a further 24 hr, at which time the monolayers were 
washed with 1 x PBS and medium was replaced with 2 ml of ftesh DMEM including 10% 
30 v/v HBS. Cells transformed with pCMVBGFP were examined after 24-48 hr for transient 
EGFP expression usung fluarescesoce micioacopy at a wavelength of 500-550 nm. 
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Forty-eigjit hr after transfection the medium was removed, the cell monolayer washed wifli 
1 X PBS and 4 ml of fiesh DMEM containmg 10% yh FBS, sqjplemeated with 1.5 mg/ml 
graetedn (Life Technologies), was added to each well. GoD^ecin was included in the 
5 medium to select for stably transformed cell lines. The DMEM, 10% v/v FBS, 1.5 mg'ml 
genetedn medium was changed every 48-72 hr. After 21 days of selection, stable, EGFP- 
e}^6SsiagPK-l colonies were i^iparent. 

Individual colonies of stably transfected PK-1 cells were cloned, maintained and stored as 
10 described in Generic Techniques in Bxanq)le 10, above. 

A number of paraital cell lines were tiansfonned wifli pCMV.EGFP. to many of fliese, 
GFP eoqiression was either extremely low or con^letely undetectable as listed in Table 2 
and shown in Figures 9A, 9B, 9C and 9D. 

15 

TABLE 2 



Parental Cell line 


Number of cloned lines 
examined 


Number of cell lines with 

extremely low or 
' midetectalile GFP : 


PK-1 


59 


2 


MM96L 


12 


4 


B16 


12 


10 


MDAMB468 


11 


1 



20 These data indicated that inactivation of GEP occurred fiequeotly in different types of cell 
lines, established from three drSerent species. 
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(b) PosHranscripHonal silaicmg ofEGFP-enpressing transgene in PK-1 cells 

To study tiie oiuet of post-transctiptional gene silencing ^TGS) of Oe E(a<P-e]qne8siiig 
transgHie, ceUs fiam 12 stable EGFP-e]cpreaaiiig PK-1 lines ^-1/EGFP) were transfeded 
3 Willi the constiuct pCMV'*.GFP30I2JPI'G (Figme'T). Two controk were also inclnded. 
The fiist control was a rqplicate of each stable line trans&nned witti flie plasmid 
pCMV*^3Ci]2.ca8s (Figure 6) The second control was a iqilicate unttansfected VK- 
l/BGFPline. 

10 The tiansfiitmation of PK-1 cdls with pCM\r".GFP.BGI2 JFG and pCMV^.BGI2.cass 
was perfinmed in 6-wbII tissue culture vessels, in triplicate, usuig ttie same mettiod as 
described above in (a). 

Forty-eigbt hr afia: transfection the medium was removed, the cell monoU^ washed with 
IS FBS (as iibove) and 4 ml of fiesh DMEM containing 10% v/v KBS and 1 mgAnl geneticin 
(GGM) wcze added to each well of cells. In addition, where &e cells were transfected widi 
eilher pCMV"3GI2.cas8 or pCMV*".GIT.BGI2.PFG, the GGM was ftrflier 
supplemented witti 1.0 fig/ml paamydn; puromycin was included in ihe medium to select 
for stably traasfonned cell lines. After 21 days of selection, co-transfonned silenced 
20 colonies were ^parent. Following transfection, all replicates were inspected 
microscopically for the presence of PTGS, as indicated by the absence of the EGEP- 
ejcpresang phenotype in cells transformed with pCMV'"'.GKP.BGI2.PFG but not in cells 
transfixmed with pCMV^.BGCcass or transfected replicate controls. 

25 3. Analysis by nuclear transcr^tion run-ott ass^ 

To detect transori?>tion of the transgene RNA in the nucleus of PK-1 cells, nuclear 
transcr^on'nm-on assays are performed on cell-free nuclei isolated fiom actively 
dividing cells. The nuclei are obtained accarding to ttie cell nuclei isolation protocol set 
30 forth m Exan^le 10, above. 
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Analyses of miclear RNA transcripts fitr the tcansgene EGFP fi«im the transfected plasmid 
pCMV^OFP and tlie ttansgene GFPB0I2JTO fiom Hw co-tiansfected plaanid 
pGMV^.CaBPaCXtf FG are pofoimed according to the nucleai transcription nm-on 
protocol set fintti in Example 10. above. 

5 

Rates of transcriptiaQ in the nuclei of all FK-1 cells analyzed - whedier transfected with 
plasmid pCMV.EGFP or with the tiansgene GFP.BGI2.PFG - ate not substantially 
different from rates found in nuclei of either the untransfected PK-l/EGFP control line or 
die control line transfiamed with the plasmid pCMV»"BGI2.cass. 

10 

Messenger RNA for EGFP flom the plasmid pCMViGFP and RNA transcribed from the 
transgene GFP.BGI2J>FG are analyzed according to the protocol set forth in Example 10, 
15 above. 

& SouOeni mufysb 

Individual transgenic PK-1 cell lines (transfected and co-transfected) are analyzed by 
20 Southern blot analysis to confirm integration and detoimine copy number of the 
transgenes. The procedure is carried out according to the protocol set for& in Example 10, 
above. An example is illustrated in Figure 8. 

EXAMPLE 13 

25 Co-suppression of Bovine Enierovinis in Madm Darhy Bovine IBduey 

lipe CBIB-1 ceHsluvUro 

1. Calturlng of cells lines 

30 OUB-l cells (derived from bovine kidney epi&dial cells) were grown as adherent 
monolayers using DMEM supplemented with 10% v/v Donor Calf Serum (DCS; Life 
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Technologiea), as described in Example 10, above. Cells were always grown in incubatois 
at SV'C in an atmosphere contBining 5% vAr CO2. 



2, Pr^aratUm^geHegeet 

(a) Interim plasmid 



The con5>lete Bovine enteroviius (BEV) SNA polymerase coding region was aaqjlified 
10 jBnm a M-lenglbcDNA clone encoding same, using primers: 



BEV-1 CGGCAGATCCTAACAATGGCAGGACAAATCGAGTACATC 
[SEQIDN0:7] 



15 BEV-3 GGGCGGATCCTTAGAAAGAATCGTACCAC[SBQIDNO:8]. 



Primer BEV-1 comprises a Bgin restriction endoiniclease site at positions 4 to 9 inclusive, 
and an ATG stmt site at positions 16-18 inclusive. Primer BEV-3 conqnises a BaniBl 
iBstricticni enzyme site at positions 5 Id 10 iaclusive and tbe complement of a TAA 
20 translation stop signal at positions 11 to 13 inclusive. As a consequence, an open reading 
frame comprising a translation start signal and a translation stop signal is contained 
between the BglB. and BamHI restriction sites. The amplified fiagment was cloned into 
pCR2. 1 to produce plasmid pCR.BEV2. 



25 Plasmid pBS.PFGE 

Plasmid pBS J>FGE contains the EGFP coding sequences from pEGFP-Nl cloned into the 
polylinker of pBluescript n SK*. To generate this plasmid, the EGFP coding sequences 
60m pEOFP-Nl was cloned as a JVb/I-to-SiicI fiagment into iVbfl/iSicI-digested 
pBluesodjjtnSK*. 
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(b) I\Bstplasmiib 
PlasmidoCMF.EGFP 

Flasmid pCMV.E(^ (Figure 5) is cqiable of expnaang fbe eaSK EGFP open leading 
5 fiame and is used in this and subsequent enimples as a positive tans&c^ 
to Example 12, 2(b)). 

Plasmidpafy.BEV2.BGI2.2VEB 

Plasmid pCMV.BEV23GI2.2VEB (Figure 10) contains an inverted repeat or palindrome 
10 of the BEV polymerase coding region that is intenuptBd by Oe insertion of ifae human p- 
gllobin intron 2 sequence therein. Plasmid pCMV3EV2.BG12.2VEB was constructed in 
successive steps: (i) the BEV2 sequence fiom plasmid pCR.BEV2 was sub-cloned in the 
sense orientation as a BglH-to-BaniHl fragment into Bgfll-digested pCMV.BGI2.cass 
(Example 11) to make plasmid pCMV3EV2,BGI2, and (ii) the BEV2 sequence fiom 
15 plasmid pCILBEV2 was sub-cloned in die andsense orientation as a SgfR-tio-BamEII 
fiagment into £amHI-digested pCMV3EV2.BGI2 to make plasmid 
pCMV.BEV2.BGI2.2VEB. 

Plasmid vCMV.BEV.EGFP. VEB 

20 Plasmid pCMV.BEV.EGFP.VBB (Figure 11) contains an inverted repeat or palindrome of 
flie BEV polymerase coding region that is intempted by EGFP coding sequences which act 
as a ^tssS<st firagmeot. To generate this plasmid, the E(XP coding sequence from 
pBS.FF<B was isolated as an EedBi fiagment and cloned into £coKI-digestsd pCMV.cass 
in the sense orientation relative to the CMV promoter to generate pCMV.EGEP.cass. 

25 Plasmid pCMV. BEV.EGFP.VEB was constructed in succeraive steps: (i) the BEV 
polymerase sequence from plasmid pCR.BEV2 was sub-cloned in the sense orientation as 
a Bgm-by-BamHl fiagment into J^-fll-digested pCMV.EGFP.cass to make plasmid 
pCMV3EV.BGFP, and (ii) the BEV polymerase sequence from plasmid pCILBEV2 was 
Bub-ckmed in the antisense orientation as a iTgni-to-famHI fiagment into JJamHI-digested 

30 pCMVBEV^GEP to make plasmid pCMV.BEVJEGFP.VEB. 
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3. Detection of co-suppression phenaiype 

(a) bsarHon of Bovine enterovirus KNA polymerase-eiq^ressing transgene into CRB-l 
cells 

S 

Ttansfinnatioiis wrae perfomed in 6-weU tissue culture vessels. lodividDal wells wete 
seeded with 2 x lO' CRIB-1 cells in 2 ml of DMEM, 10% v/v DCS and incubated at 37<>Q 
5% v/v COz until the monolayer was 60-90% conftoent, Really 16 to 24 hr. 

10 The Mowing sohitiaaa was pcqraied in 10 ml sterile tubes: 

Solution A : For each transfection, 1 (ig of DNA (pC5MVJaEV2.BGI2.2VEB or 
pCMV.EGEP - Transfection Conttol) was diluted into 100 fil of Om- 
MEM-I (registered trademadc) Reduced Serum Medium (serum-fiee 
IS medium) and; 

Solution B : For each transfection, 10 |il of UfofectAMINB (trademadc) Reagent was 
diluted into 100 ^1 Qpn-MEM-I (registered tiademaik) Reduced Senmi 
Medium. 

20 

The two solutions were combined and mixed gently, and incubated at room temperature 
for 45 min to aflow DNA-liposome complexes to form. While complexes formed, the 
CRIB-1 cells were rinsed once with 2 ml of CPTI-MEM I (registered tradmaik) Reduced 
Seaimi Medium. 

25 

For each transfection, 0.8 ml of Ora-MEM I (registered trademark) Reduced Senim 
Medium was added to the tube containing the complexes, the tube mixed gently, and the 
diluted complex solution overlaid onto tfie rinsed CRIB-1 cells. Cells were fbaa inciibated 
with die oon^lexes at 37°C and S% vAr CCb for 16 to 24 hr. 

30 
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Transfectian mixture was fim lEmoved and tiie CEUB-1 monolayets overlaid with 2 ml of 
DMEM, 10% vAr DCS. Cells ware incubated at 3rC and 5% y/v CQ2 &t apprOTimately 
AS hr. To sdect for stable transfonnaiits, the medium was iqilaced eveiy 72 hr with 4 ml 
of DMEM, 10% v/v DCS, 0.6 mgfml gooelican. Cells tiansfoimed with the transfection 
S control pCMV.EGFP were examined after 24-48 br for txansient EGFP expiessian using 
flnorescaice microsccqiy at a wavelengtti of SO0-5SO nm. After 21 days of selectton, stably 
transformed CRIB-1 colonies were aiipaieat. 

Individual colonies of stably trausfected CRIB-1 cells were cloned, maintained and stored 
10 as described in Generic Techniques in Emr^le 10, above. 

(b) Determination of Bovine Enierovirvs titre 

The BEV isolate used in these experimoits was a cloned isolate, K2S77. The titre of fliis 
15 original viral stock was imknown. To amplify BEV virus &om this stock, cells wrae 
infected with 5 ^1 of viral stock per well and the vims allowed to rephcate for 48 far, as 
described below. Culture medium was harvested at this time and transferred to a screw 
capped tube. Dead cells and debris wore then removed by centrifugation at 3,500 ipm for 
15 min at 4°C in a Sigma 3K18 centrifuge. The supanatant was decanted into a fiesh tiibe 
20 and centrifiiged at 20,000 rpm for 30 min at 4°C in a Bedanan J2-M1 cenhiiiige to remove 
remaining debris. The supernatant was decanted and this now BBV stock titred as 
described below and stored at 4°C. 

Absoltite: 

25 hi a 6-well tissue culture plate, seed 2.5 x lO' CtUB-1 cells per well in 2 ml DMEM, 10% 
v/v DCS. Incubate the cells at 37'C in an atmosphate containing 5% v/v Cd until the cells 
are 90-100% confluent 

Dilute BEV in sennn-fiee medium DMEM at dilutions of 10'' to 10^. Aspirate flie medium 
30 ftwn the CRIB-1 monolayers. Overlay tiie monolayer with 2 ml of 1 x PBS and gently 
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Tock ibB tissue cultuie vessel to wash the monolayer. Aspirate the PBS fiom the monolayer 
and repeat the wash once more. 

Immediatdy add 1 ml of the diluted virus solutions (10"^ to lO**) directly onto the rinsed 
5 CRIB-I cells, using one dilntian per wdl in duplicate. Ihcubate the CRB-l cells with 
BEV for 1 hour at 37°C and 5% v/v CCh with gentle agitation. Aspirate Hie viral inoculum 
and overlay infected cells with 3 ml of nutrient agar (1% Noble Agar in DMEM). The 
Noble Agar is made up 2% w/v in sterile distilled water and flie DMEM as 2 x DMEM. 
Melt the Noble Agar and equiliteate to 50°C in a water-bath fbr 1 hour. Equilibrate die 2 x 
10 DMEM to ^TC in a water-bath fbr 1 5 min prior to use. Mix flie two sohitians 1 : 1 and use 
to overi^ infected cells. 

Allow die nitric agar overlay to set and incubate inverted at 37°C and 5% v/v CO2 for 
18-24 hr. Following incubation, overlay each well wifli 3 ml of Neutral Red Agar (1.7 ml 
IS Neutral Red Solution (Life TedmologiesyiOO ml Nntrient Agar). Allow the Neutral Red 
Agar overlay to set and incubate &e 6 well plates in an inverted pontion in the daik at 
37'>C and SVa v/v CQ2 fbr 18-24 far. Count the number of plaques 24 hr after addition of 
Neutral Red Agar to determine the titre of the BBV viral stock. 

20 Empirical: 

In a 24-well tissue culture plate, 4 x 10* CRIB-1 cells were seeded per well in 800 \il 
DMEM, 10% v/v DCS. The cells were incubated at 37°C in an atmosphere containing 5% 
v/v CO2 until ttiey were 90-100% confluent 

25 From concentrated BEV viral stock, BEV was diluted in serum-fiee DMEM at dilutions of 
10"' to 10''. The medium was aspirated 60m. the CRIB-1 monolayers and the monolayer 
overlaid with 800 (xl of 1 x PBS and washed by gently rooking flie tissue culture vessel. 
PBS was aspirated from the monolayer and the wash r^eated. 

30 200 Hi of the diluted vims sohifions (10'' to 10"*) was added immediately dnwjtly onlo fiie 
rinsed CRIB-1 cells using one dilution per well in duplicate. The CRIB-1 cells were 
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incubated with BEV for 24 br at 37°C and 5% v/v CQz and each 'well inspected 
microscopically for cell lysis. A further 600 ]il of serum-free DMEM was then added to 
each weU. After a fat&er 24 far, each well was inspected microscopically for cell lysis. The 
correct diktion is bemininimn viral concenlratiQn Oat kiUs most of the CRIB cells after 
5 24 hr and all cells after 48 hr. 

(c) Bovine enterovirus challenge of CRIB-1 eeOs transformed ynth 
pCMV3Ey23GI2.2VEB 

10 In a 24-weU tissue cultuie plate, 4 X 10* CRB-l cells per weD wen seeded in triplicate, in 
800 fil DMEM, 10% v/v DCS. The cells were incubated at iTC in an atmosphere 
cMitaining 5% v/v CCh until they were 90-100% confluent. 

From concentrated BEV viral stock, BEV virus was diluted m serum-ftee DMEM at the 
1 5 correct dilution as d^mnined by absolute or empirical measurement. In addition, the BEV 
viral stock was diluted to one log above and below the correct dilution (typically 10"* to 
10"^. The medium was aspirated fiom the CKDB-l monolayers and the monolayeta 
overlaid with 800 |il of 1 x FBS and washed gently by roddng ttie tissue culture vesseL 
PBS was aspirated ftom the monolayer and the wash repeated. 

20 

200 )U of the diluted virus solutions (one dilution per replicate) was added immediately 
dnectly onto the rinsed CRIB-1 cells. The cells were incubated with BEV for 24 hr at 37°C 
and 5% v/v COj, and each well mspected mbroscopically for cell lysis. A iiiriher 600 |il of 
serum-ftee DMEM was added Id each welL After a further 24 hr, each well was mspected 
25 microscopically for cell lysis. 

Transcription of the transgene CBEV2.BGI2,2VEB) induces post-transctiptional gene 
silencing of the BEV RNA polymerase gene, necessary for viral replication. Silencing of 
the BEV RNA polymerase gene induces resistance to infection by the Bovine enterovirus. 
30 These cell lines will continue to divide and grow in the presence of the virus, while control 
cells die within 48 hr. Viial-tolerant cells are used for further analysis. 
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TABLE 3 C3UB-1 ceUa ttansfected with pCMV£EV.EGFP.VEB (OUB-l BGFP) 





Challeneel 


Challenge 2 


Challenges 






— 








_i2 — 




10-*. 


10-5 


CRIB-1 


—5= — 


_29 — 














CRJB-l EGEP # 1 














— - — 




CRB-l EGFP # 3 






7 









— 




CRIB-1 BGFP # 4 



















CRIB-1 EGFP #5 















~nd — 




CRIB-1 EGPP# 6 




— ^ — 















CRIB-1 ECTP* 7 


— ^ — 


— - — 




— 7 


7 


7 


~~nd — 


~nd~ 


CRIB-1 EGFP # 8 


— — — 






^ — 




— 


7 — 


— — — 






CRTO-l EGEP # 9 








7 


7 


~+ 


— 




CRB-l EGFP # 10 




— ^ — 




— 7 


7 — 


— — — 


"~nd — 


~nd — 


CIUB-1EGFP#11 


— ^ 









7 


~+++~ 


— 




CRlB-1 EGFP # 12 








-H- 






nd 


nd 


CRIB-1 EGFP #13 














nd 


nd 


CRIB-1 EGFP #14 


-H- 






++ 


++ 








CRIB-1 EGFP #15 








++ 


+ 


++ 


nd 


nd 


CRIB-1 EGFP #16 




+ 




++ 






nd 


nd 


CRIB-1 EGFP #17 














nd 


nd 


CRIB-1 EGFP #18 








+ 




++ 


nd 


nd 


CRJB-l EGFP #20 














nd 


nd 


CRIB-1 EGFP #21 




-H- 










nd 


nd 


CRIB-1 EGFP #22 




+ 










nd 


nd 


CRIB-1 EGFP #23 








+++ 




++ 






CRB-l EGFP #24 






+ 












CRB-l EGFP #25 








+++ 






nd 


nd 


CRB-l EGSFP# 26 




++ 


++ 


+++ 


++ 


+++ 







-: no cells surviving 

5 +: 1-10% of cells surviving. 

++: 10-90% of cells surviving. 

+++: 90%+ of cells surviving 

nd: not done. 
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TABLE 4 CRIB-1 cells tiansfeoted with pCMV3EV2.BGI2.2VEB (CRJB-1 BGE) 



CeUJine 


Challmge 1 










4^^ 






ID"' 




10"^ 




10"* 


— 






CRJB-1 




— 
__S — 

















CRIB-l BGI2 # 1 














T— 


T— 

— 5 — 


CRTB-1 BG]2#2 








— ^j; — 






— 




CRIB-1 BGI2#3 








■ ^ 


— j — 




—— 


— ^ 


CWB-l BGS2#4 








— - — 






~nd — 




CRIB-1 BGE # 5 














~nd — 




CRIB-1 BGE # 6 


— ^ — 


— ^ — 






— i — 


— ^ — 


~S — 




CRB-1 BGI2 # 7 


— - — 


— - — 




1 1 j 






— 




CEUB-1 BGE # 8 




— T — 








— ^ — 


~l)d — 




CRIB-1 BGE #9 




— - — 






— ~- 




— ; — 




CRIB-1 BGE# 10 










— :j: — 


— Ij;— 






CRIB-1 BGE #11 






' — — 


' — — 






nd 


nd 


CRIB-1 BGE #12 








+++ 






nd 


nd 


CR1B-1BGE#13 














nd 


nd 


CRIB-1 BGE #14 


-1- 


++ 










nd 


nd 


CRIB-1 BGE #15 












++ 






CRIB-1 BGE #16 














nd 


nd 


CRIB-1 BGE #17 








++ 






nd 


nd 


CRIB-1 BGE #18 














nd 


nd 


CRIB-1 BGE #19 








-H- 




+++ 


+ 


+++ 


CRIB-1 BGE #20 














nd 


nd 


CRIB-1 BGE #21 


















CRIB-1 BGE #22 


















CRIB-1 BGE #23 




+ 


+++ 


+++ 


+ 


+ 


nd 


nd 


CRIB-1 BGE #24 




++ 


4-H- 


+ 






nd 


nd 



-: no cells surviving 

5 +; 1-10% of cells surviving. 

-H-: 10-90% of cells surviving. 

+++: 90%+ of cells surviving 

nd: not done. 



10 These data showed that vhal-toleiant cell lines could be defined in this fashion. In 
addition, cells which survived this viral challenge could be grown up for further analyses. 
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To fiutlier define the degree of viral tolerance in such cell lines, ttie cell line CKB-l BGI2 
#19, and viFal-tolerant cells grown fiom cells fliat survived IliB initial ctudleitge (line 
CRIB-1 BQQ #19(to]}), were ftntlier analyzed using finex scale serial dilutions of BEV. 
nuce-fold soial diMons of BEV were used to infbct cell lines in triplicate using the 
5 procedure outlined in Section 3(c). The resDitsoffheseexpeEinieiits are diown in Table 5. 

TABLES 



CeUline v 


Dilntion' 


>f viral stc 










3.7x10^. 




4.1x10-' 




CRB-l Replicate 1 














CRIB-1 Replicate I 














CRIB-1 Replicate 1 












+++ 


CRIB-1 BGI2 #19 
Replicate 1 










++ 


+++ 


CKB-l BQI2 #19 
Replicate 2 












+++ 


CRIB-1 BGE #19 
Replicates 














CRIB-1 BGE #19(tol) 
Replicate 1 












+++ 


CRIB-1 BGE #19(tol) 
Replicate 2 










-H- 




CRIB-1 BGE #19(tol) 
Replicates 






+ 






+++ 



10 -: no cells surviving 48 hr post-infection 

+: 1-10% ofcells surviving 48 hr post-infection. 

++: 10-90% ofcells surviving 48 hrpost-infeclion. 

+++: 90%* of cells surviving 48 hr post-infection. 



IS These data showed that Ifae celllines CRIB-1 BGI2 #19 and CRIB-l BGH #19(tol) were 
tolerant to higher litres of BEV than the parental CRIB-l line. Figures 12A, IZB and 12C 
shows micrographs comparing CRIB-1 and CRIB-1 BGI2 #19(tol} cells befine and 48 hr 
after BEV mfection. 
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4. Anafysls by nuclear tnaisaptloH run-on assi^ 

To detect tianscription of the transgene in the nucleus of CRIB-1 cells, nuclear 
transcription ruoron assays are peifiaiined on ceU-fiee nuclei isolated fiom actively 
S dividing cells. Hie nuclei aie obtained accoidiag to the cdl nnclei isolation protocol set 
forth in Example 10, above. 

Analysis of the nuclear RNA transcript for the transgene BEV2.BGI2.2VEB from the 
traosfected plasmid pCMVJBEV2.BGI2.2VHB is peribnned according to the nuclear 
10 transcription run-on protocol set fiitfh in EmiQ>le 10, above. 

5. Comparison ttfmJBNA in nott-1ran^fbn$tei and eo-su^resud Ones 

Messenger KMA for BEV RNA. polymerase and RMA transcribed fiom the tEmsgene 
IS BEV2.BG12.2VEB are analyzed according to file protocol set fbrtti in Bmi^le lO.above. 

& Southern anafysis 

Individual transgaac CRIB-1 cell lines are analyzed by Southran blot analysis to coofinn 
20 integration of the ttansgoae and detennine copy number of die transgene. The piocedure is 
carried out according to &e protocol set fbrfii in Bxanple 10, Oxuve. 

EXAMPLE 14 

Co-st^resiion ofTyrosbuae in Murine Type B16 cOb in vitro 

25 

i. CuOurlug ofeea lines 

B16 cells derived fiom mniine melanoma (ATCC CRL-S322) were grown as adherent 
monolayers using SFMI 1640 supplemented witb 10% v/v FBS, as described in Bxan^le 
30 10, above. 
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Z PreparatioHirfgenettecoHstniets 

(a) Interim plasmid 

Total KHA was purified ftom cultured mnrine B16 melanoma cells and cDNA prepared as 
described in Example 1 1 . 

To amplify a region of the murine tyrosinase gene, 2 ^l of this mixture was used as a 
10 substrate for POLan^lifinilionuang the prim«^ 

TYR-R GTT TCC AGA. TCT CTG ATG GC [SEQ ID N0:9] 

and 

TYR-R: AGTCCACTCTGGATCCrAGG[SEQlDNO:10]. 

15 

The PGR amplification was performed using HotStaiTaq DNA polymerase according to 
the mami&ctureir's protocol (Qiagen). PGR amplification conditions involved an initial 
activatian step at 9S°C for IS mins, fi>]lowed by 35 anqilificBtion cycles of 94<'C &r 30 
sees, 55°C Sir 30 sees and 72°C for 60 sees, wifli a final dongation step at 72oC fra- 4 
20 mins. 



Hie PGR amjiMed region of tyrosinase was column purified (PGR purification column, 
(^agen) and then cloned into pCR (registered tndenaik) 2.1-TOPO according to the 
manuficturer's instructions (Invitrogen) to make plasmid TOPO.TYR. 

25 

(b) Testplasmids 

Plasmid pCMV.EGFP (Figure 5) is capable of expressing the entire EGFP open reading 
30 fi:ame and is used in this and subsequent examples as a positive transfection control (refer 
toBxan9lel2,2(b)). 
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Plasmid pCMV. TYR.BGI2.RYr 

Plasmid pCMV.TYILBGI2.RYT (Figure 13) contains an inverted repeat, or palindrome, of 
a region of tfie murine tyrosinase gme Oat is intonqited by flie insertion of the hwnan P- 
5 gitobin inlion 2 sequence lliaein. Plasmid pCKfV.TYR.BOI2It.YT was coostracted in 
successive steps: (i) the TYR sequence fiom plasmid TOPO.TYR was sub-cloned in tie 
sense orientation as a BglU-to-Bamm ftagment into 5^fll-digested pCMVSGU to make 
plasmid pCMV.TYR.BGI2, and (ii) tte TYR sequence firam plasmid TOPO.TYR was sub- 
cloned in flie antisense orientation as a ^g-ill-to-fomHl fragment into AimHI-digested 
10 pCMV.TYRJSGE to make plasmid pCMV.TYRiOE JIYT. 

Plasmid dCMV.TYR 

Plasmid pCMV.TYR figure 14) contains a dngje copy of mouse tyrosinase cDNA 
sequence, expression of which is driven by the CMV promoter. Plasmid pCMV.TYR was 
15 constructed by cloning the TYR sequence fixjm plasmid TOPO.TYR as a fla«»HI-to-SgflI 
fragment into .SomSI-digested pCMV.cass and selecting plasmids cantainii^ the TYR 
sequence in a sense orientation relative to the CMV promoter. 

Plasmid pCiiy.TYR.TrR 
20 Plasmid pCMV.TYRTYR (Figure 15) contains a direct repeat of the mouse tyrosinase 

cDNA sequence, expression of which is driven by the CMV promoter. Plasmid 
. pCMV.TYR.TYR was constructed by cloning the TYR sequence fiom plasmid 

TOPO.TYR as a Samffl-to-^gfll fragment into BamHI-digested pCMV.TYR and selecting 

plasmids containing the second TYR sequence in a sense orientation relative to the CMV 
25 promotar. 
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3. Detection of co-suppression phenotype 

(a) Reduction cf melanin pigmentation through PTGS of tyrosinase by insertion of a 
region of the tyrosinase gate into murine melanoma B16 cells 

Tytosiuase is the mqor oizyme controllmg pigmentaticm in ii?aiTimj i1«. If the gene is 
inactivated, melamn will no longer be produced by tbe pigmented B16 melanoma cells. 
This is essentially file same process that occurs in albino ammals. 

Transfimnations were perfixmed in 6 wdl tissue culture vessels. Individual wells were 
seeded with 1 x 10^ ceUs in 2 ml of RFMI 1640, 10% FBS and incubated at 37°C, 5% 

v/v CO2 until the monolayer was 60-90% confluent, typically 16 to 24 hr. 

Subsequent procedures were as described above in Esample 13, 3(a), except that B16 cells 
were incubated with fiie DNA liposome coitq)Iexes at 37°C and 5% vfv COi &r 3 to 4 hr 

Individual colonies of stably trans&cted B16 cells were cloned, maintained and stared as 
described in Bxanqile 10, above. 

Thirty six clones stably transformed with pCMV.TYR.BGI2.RYT, 34 clones stably 
transformed with pCMV.TYR and 37 clones stably transformed with pCMV.TYR.TyR 
were selected for subsequent snalyses. 

When the endogenous tyrosinase gene is post-transcriptionally silenced, melanin 
production in the B16 cells is reduced. B16 cells that would nonnally appear to coutatn a 
dark brown pigment will now appesc lightly pigmented or unpigmented. 
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(b) Yisiud monitoring of mdmtn production in transformed B16 cell lines 

To momtior melanin content of transfonned cell lines, ceils -rnxB trypsinized and 
transfened to media contaiiiiiig PBS to inhibit tiypsin activity. Cells ware Iben coaoled 
5 witli a baemocytometer and 2 x lO' cells transiened to a nucrofiige tube. Ceils wete 
collected by centrifiigation at 2,500 ipm for 3 min at room tempotatuie and pellets 
examined visually. 

Five clones trans&nned with pCMV.TYR3GI2 JRYT, namely B16.2 1.11,B16 3.1.4.B16 
10 3.1.15, B16 4.12.2 andB16 4.12.3, weie coisideiably paler flian the B16 controls (Figure 
16). Four clones transfonned ■with pCMV.TYR (BlfrfTyr 2.3, Bl&+-Tyr 2.9, Bl&f Tyr 3.3, 
B16+Tyr 3.7 and B16+Tyr 4.10) and five cIoobs transfonned wifli pCMV.rYR.TYR 
(B16+TyrTyr 1.1, B16+TyrTyr 2.9, BlfrfTyrTyr 3.7, BlfrfTyiTyr 3.13 and BlfrHyiTyr 
4.4) were also aignificantly paler than flie B16 controls. 

15 

(c) IderUiflcationofmelamnl^ staining according to Sehmorl 

Specific diagnosis for the presence of ceUular melanin can be achieved usiqg a modified 
Schmorl's melanin staining method (Koss, L.G. (1979). Diagnostic Cytology. JJB. 
20 Iippincott,FMlade]^hia). Using Ibis method, the presence ofnielanin in die ceU 
by a specific staining procedure that converts melanin to a greetudt-black pigment. 

Cell populations to be stained were resuEfpended at a concentratian of 500,000 cells per ml 
in RPMI 1640 medium. Volumes of 200 ^1 we dropped onto surfoce-steiilized 

25 microscope slides and slides were incubated at 37°C in a humidified atmosphw in 100 
mm TC dishes until cdls had adhered firmly. The medium was removed and cells were 
fixed by an: drying on a heating block at 37°C for 30 min ttien post-fixed with 4% wAr 
parafonnaldehyde (Sigma) in PBS for 1 hr. Fixed cells were hydrated by dipping in 96% 
v/v ethanol in distilled water, 70% v/v ethanol, 50% v/v ethanol then distilled water. Slides 

30 with adherent cells were leit fiw 1 hr in a ferrous sulfite solution [2.5% w/v fenous sulfite 
in water] ttien rinsed in four changes of distilled water, 1 min each. Slides were left for 30 
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min in a solution of potassium fenicyanide [1% (wAr) potassium fetiic^amde in 1 ((vAf) 
acetic add in distilled water]. Slides vrare dipped in 1% vfv acetic add (IS dqs) fliea 
dipped in distilled water (15 dips). 

5 Celb wen stained &r 1-2 min in a Nddear Fast Red prqjaiatioa [0.1% wAr Nuclear Fast 
Red (C.L 60760 Sigma N 8002) dissolved with heating in 5% w/v ammomiim snlfete in 
water]. Fixed and stained cells on slides were washed by dipping in distilled watH- (15 
dips). Cover slips were mounted on slides in glycerol/DABCO [25 mg/rd DABCO (1,4- 
diazabicyclo(2.2.2)ocfane (Sigma D 2522)) in 80 % v/v glycerol in PBS]. Cells were 
10 examined by bright field microscopy using a lOOx oil immersian objective. 

The results of stajning with Schmorl's stain correlated with the simple visual data 
illustrated in Figure 16 for all cell lines. When B16 cells were stained with the above 
procedure, melanin was obvious in most cells. In contrast, fewer cells stained for melanin 
15 in the transformed lines 316 2.1.11, B16 3.1.4, B16 3.1.15, B16 4.12.2, B16 4.123, B16 
Tyr2.3, B16 T)t2.9, B16 Tyr4.10, B16 TyrTyr 1.1. B16 TyrTyr2.9 andB16 TyiTyr3.7, 
consistent with the reduced total tyrosinase activity observed in these cell lines. 

(d) Asse^gtyrosi/me enzyme CKtivity in tran^ormed cell lines 

20 

Tyrosmase catalyzes the first two steps of melanin synthesis: the hydnnr^ation of tyrosine 
to dopa (dihydraxyphenylalanine) and the oxidation of dopa to dopaquraone. Tyrosmase 
can be measured as its dopa oridase activity. This assay uses Besthom's hydrazone (3- 
meUiyl-2-benzothiazolinonehydiazone hydrochloride, MBTH) to trap dopaqninone fbnned 

25 by the oxidation of L-dopa. Presence of a low concaitration of N,N'-dimefhylfomiamide 
in tiie assay mixtine renders die MBTH soluble and the mi^d can be used over a range of 
pH values. MBTH reacts with dopaquinone by a Michael addition reaction and forms a 
dark pink product whose presence is monitored using a spectrophotometer or plate reader. 
It is assumed that the reaction of the MBTH with dopaqumone is very rapid relative to the 

30 enzyme-catalyzed oxidation of L-dopa. The rate of production of flie pink pigment can be 
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used as a quantitative measure of enzyme activity (Winder and Haiiis, 1991; Dutkiewicz et 
a/., 2000). 

B16 cells and transfinmed B16 cell lines were plated into individual weUs of a 96-weU 
5 plate in trq>licate. Constanl nmnbers of cdUs (25,000) were liansfened into individual 
wdls and cells were incubated oveini^ Tyrosinase assays were perfimned as described 
below after dtlier 24 or 48 hr incubation. 

Individual wells were washed wifli 200 nl PBS and 20 nl of 0.5% v/v Triton X-100 in 50 
10 mM sodium phosphate faoOer (pH 6.9) was added to each well. Cell lysis and 
sokbilisation was achieved by fieeze-Aawing plates at -70°C for 30 min, followed by 

incubating at room tanperature for 25 min and 37°C for 5 min. 

Tyrosinase activity was assayed by adding 190 \il freshly-prepared assay buffer (6.3 mM 
15 MBTH, 1.1 mM L-dopa, 4% v/v N,N'-dimethylfoimamide in 48 mM sodium phosphate 
buffer (pH 7. 1)) to each welL Colour formation was monitored at 505 mn in a Tecan plate 
reader and data collected using X/Scan Software. Readings were taken at constant time 
intervals and leactiaiis monitoied at room temperature, typically 22''C. Results were 
calculated as the average of aizyme activities as measured fin- the triplicate samples. Data 
20 were analyzed and tyrosinase activity estunated at early time-points when product 
formation was linear, typically between 2 and 12 min. Results fiom these experiments are 
shown below in Tables 6 and 7. 
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TABLE 6 



Cell Line 


TyrosiDaseactiyily 
■ (A Oti'SOS.-nin / min / 


Relative tyrosinase 
activity compaced'to 
Bl«C!ens(%) 


B16 


0.0123 


100 


B16 2.1.6 


0.0108 


87.8 


B162.1.11 


0.0007 


5.7 


B16 3.1.4 


0.0033 


26.8 


B16 3.1.15 


0.0011 


8.9 


B16 4.12.2 


0.0013 


10.6 


B16 4.12.3 


0.0011 


8.9 


BieTyrTyrl.l 


0.0043 


34 


B16TyTTyr2.9 


0.0042 


34.1 


B16TyrTyr3.7 


0.0087 


70.7 


TABLE? 


CeULine 


Tyrosinase activi^ 
(A OD SOS niii/miiiyzSiOOO 
celW . 


- Relative tyrosinase 
actiVify compared 1i> 
B16edb(%) ^ 


B16 


0.0200 


100 


B16Tyr2.3 


0.0036 


18.2 


B16Tyr2.9 


0.0017 


8.7 


B16Tyr4.10 


0.0034 


17.2 



These data showed that tyrosinase enzyme activity was inhibited in lines tiansfoimed willi 
10 tte«jnsttuctspCMV.TYRBGI2JlYT,pCMV.TYRandpCMV.TYR.TYR 



wo 01/70949 



PCT/AUO1/0D297 



-87- 

4. Analysis by nuclear transcrqitioH run-on asst^s 

To detect tiaiisciqrtion of die transgene KNAs in the nucleus of 616 cells, nuclear 
tiaiisciiptian lun-on assays were peifoniied on nuclei isolated Smm actively dividing cells. 
5 The nuclei were obtained accoiding to die cell nuclei isoMoDs protocol set fintli in 
Example 10, above. 

Analysis of the nuclear RNA transcripts for the transgene TYRBGEHYT fiom the 
transfected plasmid pCMV.TYIl.BGI2JlYT and the eadogenous tyrosinase gene is 
10 pofoimed accoiding to the tnidear tianscrqjtioii tun-on protocol set fiitth in Example 10, 
above. 

To esitmiite transcription rates of the endogenous tyrosinase gene in B16 cells and the 
ttansfiMmcd lines B16 3.1.4 and B16 Tyr Tyr 1.1, nuclear transcription run-on assays were 
IS performed on nuclei isolated firom actively dividing cells. The nuclei were obtained 
according to the cell nuclei isolation protocol set forth in Exan^jle 10, above, and run-on 
tiansciipts were labelled with biotin and purified using streptavidin captm» as outlined in 
Example 10. 

20 To detennine the ttmsciiptian rate of tiie oidogenoos tyrosinase gene in the above cell ' 
lines, the amount of biotin-labelled tyrosinase transcripts isolated fixsn nuclear mn-on 
assays was quantified using teal time PGR reactions. The relative transcription rates of the 
endogenous tyrosinase gsas were estimated by comparing the levels of biotm-labelled 
tyrosinase RNA to the levels of a ubiqnitously-exptessed endogenous transcript, namely 

25 murine glyceialdehyde pho^hate dehydrogenase (GAFDH). 

Tbe levels of expreBOOR of both the endogenous tyrosinase and mouse GAFDH genes 
were detezmined in duplex PCH. reactions. To permit quantitative interpretation of these 
data, a standard carve was generated using oligo dT-putified SNA isolated from B16 cells. 
30 Oligo dT-pmification was achieved using Dynabeads mSNA DIRECT Mirao Kit 
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accordrng to the manufkctuiegr's instructions (Dynal). Results from these analyses ate 
shown in Table 8. 



TABLES 



Cell Line 


Tyrosinase 
inbio 
transn 


and GAPDHKNiV levels 
tin-captnred nndear . 
ription run-on>RNAs 


Belative transcription 
rate of Tyrosinase 
gene 




G,T¥R 


<:tGAPDH 






B16 


38.6 


27.2 


11.5 


1.00 


BI6 3.1.4 


36.5 


244 


12.1 


0.65 


B16TytTyrl.l 


38.5 


26.2 


12.4 


0.59 



These data show deady that cates of transcription fiom the mdogenous tyrosinase gene in 
flie nuclei of the two silenced B16 cell lines B16 3.1.4 and B16 TyiTyr 1.1, transframed 
10 with pCMV.TYR.BGI2JlYT and pCMV.TYR.TYR, respectively, are not significantly 
different from the rate of transcription from the tyrosinase gene in nuclei of non- 
transformed B 16 cells. 

5. Comparison of mKNA in non-tnai^rmed and cosi^ressed lines 

IS 

Messenger KNA for endogenous tyrosinase and RNA transcribed fiom flie transgaie 
TYR.BGI2.RYT are analyzed according to the protocols set forth in Exaniple 10, above. 

To obtain accurate estimates of tyrosinase mRNTA levels m B16 and transformed lines, real 
20 time PGR reactions were en^loyed. Results fiom these analyses are shown in Table 9. 
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TABLE9 



CdHLme 


Tyrosinase and GM'DH mR^A levels in 
oUgo-dT purified total RNAs 


Relative levels of 
tyrosinase miRNA 




CtTYR 


CGAPDH 






B16 


33.5 


21.9 


11.7 


1.0 


B16 3.1.4 


33.8 


22.1 


11.7 


1.0 


B16TyrTyrl.l 


35.1 


23.0 


12.1 


0.7 



These data sliow clearly Hiat the level of tyrosinase mRNA (as po]y(A)RNA) in the two 
5 silenced B16 cell lines B16 3.1.4 and B16 TyrTyr 1.1, transfismed with 
pCMV.TYR3GI2i(.YT and pCMV.TYR.TyR, respectively, are not significanlly difiEistetit 
finm the level of tyrosinase mRNA in non-transfanned B16 cells. 



6, SouAern tsMfysis 

10 

Individual transgenic B16 cell lines are analyzed by Soullificn blot aoalysis to confinn 
mtegration and determine copy number of the transgene. The procedure is camed out 
according to Ifae protocol set finft in Konqile 10, above. 

15 EXAMPLE 15 

Co-suppression of tyrosinase in Mus musaUus strains CS7NJ6 and 
C57BL/6 xDBl hybrid in vivo 

1. rr^amOon efeonstmels 

20 

The interim plasmid TOPO.TYR and test plasmid pCMV.TYR3G12.RYT were generated 
as described ut Exanqile 14, above. 




25 
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Saixipling of skill from newbom mice isis done after sftcrijEice of tb& my^^^^^ wbich isis then 
iahed in 70% vAr eflunoi and rinaed in FBS. Skin samples are dissected under sterile 
conditions. 

S All biopsies are slmed in PBS in 6-well plates. To obtain single cell suspensions, FBS is 
pipetted off and skin samples cut mto small pieces (2x5 mm) wilfa two scalpels and 
incubated in 2x trypsin (5 mgtol) in PBS at 37°C for about 1 hr for newbom samples and 
up to 15 hr in Ix trypsin (2.5 mg/ml) at 4°C for samples of adult skin (0.5 g in 2.5 ml). 
This digestion separates epidemis &om dermis. I^sin is i^laced widi RPMI 1640 

10 medium to slop enzyme activity. The epidemtis of each piece is separated with fine forceps 
(sterile) and isolated qndemial samples aie collected and pooled in Ix trypsin in PBS. 
Single cell suspensions are prepared by pipetting and separated cells are collected in KPMI 
1640 medium. Tiypsinization of epidermal samples can be repeated. Pooled epidamal 
cells are concentrated by gentle oeatriiugation (1000 rpm for 3 min) and lesuspended in 

15 growth medium [RPMI 1640 with 5% v/v FBS, 2 niM I^glutamine, 20 units/ml penicillin, 
20 [ig/ml streptomycin plus phmbol 12-myristate 13-ac«tate (PMA) 10 ngftnl (16 oM) and 
cholera toidn (CTX) 20 ngMd (1.8 uM)]. Susp^isionB are transferred to T2S flasks and 
incubated without disturbance for 48 hr. Medium is changed and unattadied cells removed 
at 48 hr. After a further 48-72 hr incubation, the medium is discarded, the attached cells 

20 ished with FBS and treated wiOi Ix trypsin in PBS. Melanocytes become preferentially 
detadied after this treatment and the detadied cells are transferred to &esh medium in new 
flasks. 

Melanocytes in tissue culture are easily distinguishable fixtm keratinocytes by their 
25 morphology. Keratmocytes have a round or polygonal shape; melanocytes appear bipolar 
or polydendritic. Melanocytes may be stained by Scbmorl's method (see Example 14, 
above) to detect melanin granules. In addition, sarnples of cultures grown on cover slips 
are investigated by immunofluorescence labelling (see Example 10, above) vfifh a primary 
murine monoclonal antibody against MART-1 (NeoMarkers MS-614) which is an antigen 
30 found m melanosomes. This antibody does not cross-react with cells of epifiielial, 
lyn^hoid or mesoichymal origm. 
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4. Anafysis by nudear tnmscrgition mn-on asm^s 

To detect transcdptioiL of fbe tyzosioase endogenous gene and transgene RNAs in the 



peifoimed on cdl-ftee nucla isolated 6am activdy dividing cells, according to flie cell 
nuclei isolation protocol set fbrth in Example 10, above. 



Analysis of nuclear RNA transcripts for the tyrosinase endogenous gene and the tr 
10 fiom the transfected plasmid pCMV.TYRJBGQJR.YT are petionned according to Hat 
nuclear tnmser^mm nunm protocol set tacOi in Example 10, above. 

5. CempaHsimofmSmiHm 



d RNA ti 

TYR.BGI2JEt.YT are analyzed according to tiie protocols set fortti in Exmsple 10, above. 



20 Primary CDltnre melanocytes are analyzed by Soutbem blot analysis to confirm integcatian 
and detennine copy number of be transgene. This is carried out according to the protocol 
set forth in Example 10, above. 
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EXAMFLE16 
Cos^pressbm ofo6-l^,-g(^ictes]fl tnmsfarm (OaU) in 
Mus musaOus stnm C57BL/6 in vivo 

5 L Prtparaaon^geneOecoiMmea 

(a) PhsmidTOPO-GALT 

Total RNA was purified from cultured nnirine 2.3D17 neuial cells and cDNA prepared as 
10 described in Example 11. 

To an^jlify Hie 3'-UTR of the murine o-l,3,-galactosyl transfisrase (GalT) gene, 2 fil of 
Ms nuxtme was Tised as a sid>sttate fiw PGR ampMcation using flie pri^^ 

IS QALT-F2: CACAGACAGATCTCTTCAGG[SEQIDN0:11] 

GALT-Rl: ACTTTAGACGGATCCAGC AC[SEQ1DN0:12]. 

The PGR ampHficatiaa was perfoimed using HotStaiTaq DNA polymoase according to 
20 the manufacturer's protocol (Qiagen). PGR amplification conditions involved an initial 
activation step at 95°C for 15 mins, followed by 35 amplification cycles of 94°C for 30 
sees, 5S°C for 30 sees and 72°C for 60 sees, witli a final elongation step at 72°C fijr 4 



25 The PGR amplified region of GalT was column purified (PGR porification column, 
Qiagen) and dien cloned into pGR2.1-T0P0 according to Hie manufacturer's instnietions 
(lavitrogen), to make plasmid TOPO.GALT. 
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(b) Testplasmid 

Plasmid pCMr.GALT.BGI2.ILAG 

Plasmid pC^dy,GALT.BGI2.TIAG CHgure 17) contains an inverted repeat, or 
5 pa]jndrcmie,ofaKgionofllieMiiime3'UrRGalTg6netiiatj8iiit6mq^ 

of the human P-gJobin introa 2 sequence therein. Hasmid pCMV.GALT^GE.TLAG was 
constructed in successive steps: (i) the GALT sequence ftom plasmid TOPO.GALT was 
sub-cloned in the sense orientation as a BgHI-to-BamHl fragment into fgHI-digested 
pCMV3GI2 to make plasmid pCMV.GALT.BGI2, and (ii) the GALT sequ^e fiom 
10 plasmid TOPO.GALT was snb-doned in the antiaense orientation as a £g2Q-to-£amHI 
fiagment into BomHI-digested pCMV.GALT.BGIZ to make plasmid 
pCMV.GALT.BGI2.TLAG. 

2. Qeneratton of transgenic mice 

15 

Transgenic mice -viece generated through genetic modification of pronuclei of zygotes. 
After isolation ftom oviducts, ^otes were placed on an injection miraosoope and the 
transgme, m the form of a purified SNA soluticn, was injected into the most visible 
pronucleus (US patent nnniben 4,873,191). 

20 

Pseudo-pregnant female mice were generated, to act as "recipient mothers", by induction 
into a honnonal stage that miirtics pregnancy. Injected zygotes were dien either cultured 
overnight in order to assess their viability, or transfoied immediately back into the oviduct 
of pseudo-pregnant redpieiits. Of 99 injected zygotes, 25 were transferred. Transgenic off- 

25 ^ring resulting flmn these injections are called "founders". To ddermine that the 
transgene has integrated into the mouse genome, off-spring are genotyped after weaning. 
Genotyping was earned out by PGR and/or by Southern blot analysis on genomic DNA 
purified fimm a tail biopsy. 

30 Founders are then mated to begin establishmg transgenic hnes. Founders and fhdr 
of&pring are maintainBd as sepmts pedigrees, since each pedigree varies in transgene 
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oopy number and/at chromosomal location. Therefiue, eatHn tenBgeoic monse geneiated 
by pronudeai injectiaais the fbmider of anew straia If fhe fbunder is female, somepi^s 
&om the £bcst letter are analyzed for transgene transmission. 

5 5. OeteetioHafee-mppreisloitphaio^ 

The enzyme <xrl,3,-galacto8yl transferase (GalT) catalyzes the addition of galactosyl sugar 
residues to cell surface proteins in cells of all mammals except humans and other primates. 
The epitope enabled by the action of GalT is the predaminant antigen req>ansil)le far the 
10 rejection of xenotranq)lants in humans. Cytological analyses of GalT expression levels in 
poipheral blood leukocytes (PBL) and splenocytes using FACS confiims the down 
regulation of the gene's activity. 

Analysis of Peripheral Blood Leukocytes and Splenocytes from transgenic mice bv FACS 
15 To analyze cells from transgenic mice transformed with the GalT construct, FACS assays 
on peripheral blood leukocytes (PBL) and splenocytes are undertakeai. White blood cells 
are the most convenient source of tissue for analysis and these can be isolated from eiflier 
PBL or splenocytes. To isolate PBL, mice are bled from an eye and 50 to 100 nl of blood 
collected into hepaamzed tubes. The red blood cells (RBCs) are lysed by treatment wi& 
20 NH4CI buffer (0.168M) to recover the PBLs. 

To obtain splenocytes, animals are euthanased, the spleens removed and macerated and 
RBCs lysed as above. The genetBted splenocytes are cultured in vitro in the presence of 
intarleuldn-2 (IL-2; Sigma) to generate shtnt term T cell cultures. The cells are then fixed 

25 in 4% wAr PFA in PBS. All steps are perfonned on ice. GalT activity can be most 
canvemently assayed using a plant lectin (1B4; Sigma), which binds specifically to 
galactosyl residues on cell sur&ce protsms. GalT is detected on the cell surfice by binding 
IB4 conjugated to biotin. The leukocytes are then treated with streptavidin conjugated to 
Cy5 fluorophore. Another cell nuofcer, the T cell specific glycoprotein Thy-1, is labelled 

30 with a flnoiesoein isofbiocyanate-conjugated antibody (FITC; Sigma). The leukocytes are 
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incubated in a mktDie of the isagmts fin: 30 nun 4d labd the cdls. After wadu^ 
are analyzed on the FACScan. (Tearle, R.G. e( al., 1996). 

4. Analysis by nuclear transcription run-on assays 

5 

To detect transcription of transgene RNAs in the nucleos of splenocytes, nuclear 
irmscri^tbm run-on assays are performed on cell-fiee nndei isolated from actively 
dividing cdls. In vitro culturing of splenocytes in the presence of IL-2 generates short teem 
T cell cultures. The nuclei are obtained according to the cell nuclei isolation protocol for 
10 guspensiom cell cultures, set finth in Example 10 above. 

Analysis of nuclear RNA transoqrts tot the GalT aidogenous gene and Ihe transgene fiom 
the transfected plasmid pCMV.GALT3GI2.TLAG is perfonned according to the mdear 
trmscr^tion run-on protocol set forth in Example 10, above. 

15 

5. Con^arbonofmRNAinnon-tnuafirmedoiidco-su^Tesaedliaes 

Messenga- RNA for endogenous GalT and SKA transcribed fiom the transgene 
20 GALT.BGI2.TLAG are analyzed accordmg to Has protocols set forth in Example 10, 

6. Southern analysis 

25 Individual transgenic ^lenocyte cell lines are analyzed by Southern blot analysis to 
con&m integration and determinB copy numba of fiie transgenss. This is canied out 
according to the protocol set forth in ^cample 10, above. 
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EXAMPLE17 

Cosuppresston of mouse Aymidine kinase in NIH/3T3 cells in vitro 

Cells ptodnce nbomicleotides and deoxyiibonucleotides via two pathw^ - de novo 
5 8>iithesiB or salvage synthesis. De novo synfliesis is llie assembly of nudeotides fiom 
single cfflnpounds such as amino acids, sugars, COj and NHj. The precursors of purine 
and pyiimidine nucleotides, inosine 5'-monophosphate (IMP) and uridine S'- 
nionopbos{diate (UMP) respectively, are produced first by this pathway. De novo synthesis 
of IMP and thymidine S'-numoidiosphate (IMP) requires tetrahydrofokte derivatives as 
10 co-fiictotB and de novo synttwsis of fliese nucleotides is blocked by the antifblate 
aminopterin which inhibits dihydiofolate reductase. Salvage synfliesis refen to enzymatic 
reactions that convert fiee prefbimed purine bases or thymidine to their conesponding 
micleotide numopbosphates (NMP). When de novo synthesis is blocked, salvage enzymes 
enable the cell to survive while pre-&nned bases are present in ttie medium. 

15 

Manunahan cells nonnally express several salvage enzymes including thymidine kinase 
CTK) vriiich converts fliymidine to TMP. The drug 5-bromo-2'-deoxynridine (BrdU; 
Sigma) selects cdls that lack TK. In ceUs wiflbi fimctianing TE, the oizyme converts the 
dn^ analogue to its corresponding S'-monophosphate which is lettial when incorporated 
20 into DNA. Conversely, cells lacking TK expression are unable to grow in HAT medium 
(life Technologies) which contains both aminopterin and thymidine. The first factor in the 
supplement blocks de novo synlhesis of NMPs and the second provides a substrate fi»r the 
TK salvage paliiway so that cells with that pathw^ intact are able to survive. 

25 /. CuJturingofNIH/3T3ceaibies 

Cells of Oie murine fibroblast-like line NIH/3T3 (ATCC CKL-1658) were grown as 
adherent monolayers in DMEM, siq>plemented with 10% v/v FBS and 2 mM L-glutamine 
as described in Example 10, above. Cells were routinely grown in incubators at 37°C in an 
30 atmosphere containing 5% v/v COz. 



wo 01/70949 



PCT/AU01A)0297 



-98- 

2. PrepanUlon o/ geneSe emstruels 

((^ bterimPlasmid 

S PfasmidmVmK 

A legion of the murine thymidine kinase gene was amplified by PCR using mnnne cDNA 
as a tm^late. The cDNA was prepared flom total RNA isolated fiom the mutine 
melanoma line, B16. Total RNA was purified as described in Ezanqile 14, above. Murine 
thymidine kinase sequeaices were amplified using tile primers:- 

10 

MTKl: AGA TCT ATT TIT CCA CCC ACG GAG TCI COG [SEQ ID N0:13] 
and 

MTK.4: GGATCCGCCACGAACAAGGAAGAAACTAGC[SEQ]DN0:14]. 



IS The an^lification product was cloned into pCR (registered trademark) 2.1-TQPO to create 
the iDtemiediate ckme TOPO.MTK. 



wo 01/70949 



PCT/AUOl/00297 



-99- 

0) TestPlaamid 
PlasmidpCMV.MlKBGI2.Km 

Plasmid jOIV-MXE^GCKTM (Figure 18) contains an inv«ted repeat or paiindiome of 
S file nnninelbynudinBldiiase coding region that is intemqited by the 

P-globin intron 2 sequence fherein. Plasmid pCMV^TICBGQ JCIM was constracted in 
successive steps: (i) the MTK sequence from plasmid TOPO.MTK was sub-cloned in the 
sense orientation as a BglE-to-BaniSl fiagment into Sgfll-digested pCMV.BGI2.cass 
Example 11) to make plasnrid pCMVJilTK.BGE, and (ii) fte MTK sequence &om 
10 plasmid TOPO.MTiC was sab-dcxwd in ibs antiBaise orientation as a Bgni-io-BamBl 
fiagment into ^omHI-digiested pCMVJNmLBGQ to make plasmid 
PCMV.MTK.BGI2JCTM. 

5. Detee^n ofcosuppresslou phenot)^ 

15 

(a) Insertion cflK-^jgjressingtraiagene into NIH/3T3 cells 

Transfbrmations were peribimed in 6-we11 tissue culture vessels. Individual weUs were 
seeded with 1 x 10^ cells in 2 ml of DMEM, 10% v/v EBS and incubated at 37''C. 5% v/v 
20 CO2 until the monolayer was 60-90% confluent, typically 16 to 24 hr. 

Subsequait procedures were as described above in Example 13, 3(a), excqit that NIH/3T3 
cells were incubated with the DNA liposome conq)lexes at 37°C andS%v/vC02for3to4 

25 

(b) Post-transcriptiemal silencing of tiie mouse IK gene tnNlH/3T3cdls 

NIH/3T3 cells with PTGS of TK are able to tolerate addition of BrdU OsTeoMaifcsis) to 
dieir normal gcowdi medium at levels of 100 ^g/bil and continue to rqilicate unda this 
30 regime. Populations of similarly treated control NIH/3T3 cells cease to replicate and cell 
numbers do not increase aflo- culture fiir seven days in BidU-containing medium. Control 
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1SIH/3T3 cells are able to replicate in growth medimn contamiiif Ix HAT supplement, 
while ceUs with PTGS of TK are unable to grow under these conditions. Purfloer evidence 
of PTGS of TK is obtained by monitoring incorporation of BrdU in the nucleus via 
inmninoihioiescence staining (see Example 10, above) of fl» cell vsiDS a monoclonal 
S antibody diiected against BidU. Clones tiiat fulfil all criteria - (i) lesistanoe to tte lethal 
effects of BidU; (ii) loss of the nucleotide salvage pathway, and (iii) lack of incoiporatian 
of BrdU ia the nucleus - undergo direct testiDg of PTGS via nuclear tnmsciiption nntoa 
assays. 

10 4. AHofy^bymidearlmiaer^tlonrim-ottam^ 

To detect tiansatptioa of the transgeae KNA in the nucleus of NIH/3T3 ceils, nuclear 
tiansctiptian run-on assays are performed on cell-fiee midei isolated fiom actively 
dividing cells. The nuclei are obtained according to the cell nuclei isolation protocol set 

15 forth in Example 10, above. 

Analysis of the nuclear RNA transcripts for the transgene MTK.BGEJK.TM ftom the 
tiansfected plasmid pCMVJMTKLBGI2 J^TM and the endogenous TK gene is paformed 
according to the nudear transcription run-on protocol set forth in Exaisple 10, above. 

20 

5. C<ni^arison€fmSlUinHm-4ra»^emtedaiideo-si^^fressedttna 

Messraiger SNA for endogenous TK and RNA transcribed fiom the transgene 
MTKJ8GI2.KTM are analyzed according to the protocols set finth in Example 10, above. 

25 

6. Southern analysis 

Individual transgenic NIH/3T3 cell lines are analyzed by Southern blot analysis to confirm 
integration and determine copy number of the transgene. The procedine is carried out 
30 accordingtotheprotocolsetforthinExample 10, above. 
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EXAMPLE18 
Cos^ressiou ofHER-2 in MDA-MS-468 cdk in vitro 

HER-2 (also designated neu and erbB-2) encodes a 185 kDa transmemhrane leceptor 
S tyrosine Idnasetliat is coostitativdy activated at low levels and diq)layspote^ 

activity when over-exinessed. HER-2 protein ova-eicpressian occuts in about 30% of 
invasive human breast cancers. The biological fimction of HHR-2 is not well understood. It 
shares a common stmctuial oiganisatian with oflier members of the epidermal growth 
fictor recq>tor family and may participate in similar signal transduction pathways leading 
10 to changes in cytosksletoii reorganisation, cell motility, protease eqiression and cell 
adhesion. Over-expression of HER-2 in breast cancer cells leads to mcteased 
tumorigemcity, invasiveness and metastatic potential (Slamon et al^ 1987). 

1. CuUuring of cell lines 

15 

Human MDA-MB-468 cells weare cultured in RPMI 1640 supplemented with 10% v/v 
FBS. Cdls were passaged twice a wedc by treating with trypsin to release cells and 
transferring a ptopoitinn of ihe culture in fiesh medium, as described in Sample 10, 

20 

2. Prtparadon of genetic constructs 

(a) Attaint Plasmid 

25 PlasmidTOPO.HER-2 

A region of the human HER-2 gene was amplified by PGR using human ciDNA as a 
template. Ihe cDKA was prepared fixun total RNA isolated fitan a human breast tumour 
line, SK-BR-3. Total SNA was purified as described m Esan^le 14, above. Human HER-2 
sequences were amplified using fte primos:- 
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Hl: CTC GAG AAG TGT GCA CCG GCA GAG ACA TG [SEQ ID N0:15] 

and 

H3: GTCGACTGTGTTa^^TCCTCTGCTGTCAC[SBQlDN0:16]. 

5 The an^McationpiodiictwBadaiied into pQl(iegistBredt^^ 
the intamediflte done TOPOBER-2. 

<b) TeitPlasmid 

Flasmid pCMV.HER2JBGI2.2REEI (Fignre 19) contains an inverted repeat or palindrame 
of the HER-2 coding region fbat is intoiapted by ifae inseitian of the hnman P-globin 
jntron 2 sequence therein. Plasmid pCMVJIER2.BGI2.2REH was craistnicted in 
successive steps: (i) the HER-2 sequence from plasmid T0P0.HER2 was sub-cloned mflie 
15 sense orientation as a SaWXhol fragment into 5flfl-digested pCMV.BGI2.cass (Example 
11) to make plasmid pCMV.HER2.BGI2, and (ii) (he HER2 sequence from plasmid 
T0P0.HER2 was sub-cloned in the antisense orientation as a SaWXhol fragment into 
j:%oI-di^sted pCMV.HER2.B6I2 to make plasmid pCMV.HES2£GI2.2REH. 

20 3. DetermiiuaUm of onset of co-suppressiott 

(a) Traiufection of HER-2 constructs 

Transfinmatioiis were performed in 6-wdl tissue coltuie vessels, hidividual wellg were 
25 seeded with 4 x 10^ MDA-MB-46g cells in 2 ml of KFMI 1640 medium, 10% v/v FBS and 
incubated at 37°C, 5% v/v CO2 until ihe monolayer was 60-90% confluent, typically 16 to 
24 hr. 

Subsequent procedures were as described above in Example 13, 3(a), except that MDA- 
30 MB-468 cells were mcubated with the DNA liposome complexes at 37°C and 5% v/v COj 
fin: 3 to 4 hr only. Thirty-six transfimmed cell lines were isolated fin: subsequent analysis. 
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(b) Post-transcriptional silencing ofHER-2 in MDA-MB-468 cells 

MDA-MB-4«8 cells over-es^Jtess HER-2 and PT(ffi of the gene in geneticin-sdeoted 
3 clones derived 6am fhis cell line are tested initially by inununofluorescence labelling of 
clones (see Example 10, above) with a primary marine monoclonal antibody directed 
against Itae extracellular domain of HER-2 protein (Lnmsdnction Laboratories and 
NeoMadcets). Con5)arison of HER-2 protein levels among (i) MDA-MB-4«8 cells; (ii) 
clones exhibiting evidence of FTGS of the gene, and (m) conbol human cell lines, are 
10 undertaken via western blot analysis (see bdow) with the anti-HER-2 antibody. Clones 
that Mffl fbe criterion of absence of expression of HER-2 protein undergo direct testing of 
PTGS via nuclear transcription ma-on assays. 

To analyze HER-2 expression in MDA-MB-46g cdQs and transformed lines, cells were 
IS examined using immunofluorescent labelling as described in Example 10. The primary 
antibody was a mouse Anti-erbB2 monoclonal antibody (Transduction Laboratories, Cat. 
No. E19420, on IgG2b isotype) used at 1/400 dilution^ the secondary antibody was Alexa 
Fluor 488 goat anti-mouse IgG (H+L) conjugate (Molecular Probes, Cat No. A-llOOl) 
used at 1/100 dilution. As a negative control, MDA-MB-468 cells ^aremtal and 
20 tiansfanned lines) were probed wi& Alexa Fhior 488 goat anti-mouse IgG (H+L) 
conjugate only. 

Several MDA-MB-468 cell lines transfomied with pCMV.HER23GI2.2REH were finmd 
to have reduced immmioiluorescence, examples of which are illustrated in Figures 20A, 
25 20B,20Cand20D. 

(c) FACS analysis to define cell lines showing reduced agression cf Her-2 

To determine the level of expression of HER-2 in transformed cell lines, approximately 
30 500,000 cells grown in a 6-well plate were washed twice wifli 1 x FBS ttien dissociated 
with 500 (J cell dissociation solution (Sigma C 5789) according to the manu&cturer's 
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instructioDS (Sigma). Cells were transfiatnd to medium in a microcenliifta.ge tube and 
coUected by centifii£ation at 2^00 ipm fto 3 min. The siQ)en]^^ 
lesnspaideid in 1 ml 1 X PBS. 

5 F(n:fixad(m,cellswerBcoUectBdbycenliifagatianasaiioveandsiisp«idedinSO|il?BA 
(1 X PBS, 0.1 % w/vBSA fiactioD V (Trace) and 0.1 % w/v sodium azide) followed by the 
addition of 250 jil of 4 % w/v paraformaldehyde in 1 x PBS. and incubated at 4°C for 10 
min. To permeabilize cells, cells were collected by centriiiigation at 10,000 ipm for 30 sec, 
the supanatant removed and cells suspended in 50 nl 0.25 % w/v saponin (Sigma S 4521) 
10 in FBA and inciibated at 4'>C for 10 min. To blodc cells, cdls woe collectBd by 
centri&gatian at 10,000 ipm for 30 sec, ibo supernatant removed and cells suspended in SO 
jil PBA, 1 % v/v FBS and incubated at 4°C for 10 min. 

To quantify HER-2 protein, fixed, peimeabilized cells were probed widi Anti-erbB2 
15 monoclonal antibody (Transduction Laboratories) at 1/100 dilution Mowed by Alexa 
Fluor 488 goat anti-mouse IgO coiijugate (Molecular Probes) at 1/100 dilution. Cells were 
then analysed by FACS using a Becton Dickinson FACSCalibur and Cellquest software 
(Becton Didkinson). To estimate true background fluorescence values, unstained MDA- 
MB-458 cells were probed with an iirelevant primary antibody (MART-1, an IgG2b 
20 antibody (NeoMarkers)) and the Alexa Fluor 488 secondary antibody, both at 1/100 
dilutions. Examples of FACS data are shown in Figures 21A, 21B and 210. Results of 
analyses of all cell lines are compiled in Table 10. 
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TABLEIO 



...... CeDJinl!-.. 






Median . 
Fluorescence 


MDA-MB-468 (control. 1) 


5.07 


4.72 


4,78 


MDA-MB-468 (control.2) 


137.24 


121.68 


117.57 


MDA-MB-468 


1224.90 




1175.74 


MDA-MB-468 1.1 




1056.17 


1124.04 


MDA-MB-468 1.4 


781 72 


664.67 


673.17 


MDA-MB-468 1.5 


828 34 




710.50 


MDA-MB-468 1.6 


925 16 


807 09 


850.53 


MDA-MB-468 1.7 


870 81 


749.27 


791.48 


MDA-MB-468 1.8 


1173 92 


938.72 


1124.04 


MDA-MB-468 1.10 


701 24 






MDA-MB-468 1.11 


1103.18 


980.10 


1064.99 


MDA-MB-468 1.12 








MDA-MB-468 2.5 


96672 


862.76 


905.80 


MDA-MB-468 2.6 


752 70 


633.49 


649.38 


MDA-MB-468 2.7 


842.00 


677.15 


716.92 


MDA-MB-468 2.8 




792.13 


881.68 


MDA-MB-468 2.9 


802.36 


686.06 


716.92 


MDA-MB-468 2.10 






1009.04 


MDA-MB-468 2.12 


93163 




820.47 


MDA-MB-468 2.13 


894.47 


792.46 


827.88 


MDA-MB-468 2.15 






1009.04 


MDA-MB-468 3.1 


104988 


931 96 




MDA-MB-468 3.2 


897 00 


802 43 


84291 


MDA-MB-468 3.4 


981 63 


858 95 


913 98 


MDA-MB-468 3 5 


1072 00 


930 17 — — 


g^2n — 


MDA-MB-468 3.7 


1098.95 


993.26 


1036.63 


MDA-MB-468 3.8 


1133.86 


1026.31 


1074.61 


MDA-MB-468 3.9 


831.73 


729.32 


763.51 


MDA.MB-468 3.12 


1120.82 


998.67 


1064.99 


MDA-MB-468 3.13 


1039.41 


963.71 


1036.63 


MDA-MB-468 4.5 


770.93 


681.01 


697.83 


MDA-MB-468 4.7 


838.16 


752.74 


784.39 


MDA-MB-468 4.8 


860.76 


769.51 


813.12 


MDA-MB-468 4.10 


1016.21 


904.69 


947.46 


MDA-MB-468 4.11 


870.10 


776.73 


813.12 


MDA-MB-468 4.12 


986.93 


857.20 


913.98 


MDA-MB-468 4.13 


790.41 


712.25 


743.18 


MDA-MB-468 4. 14 


942.36 


842.34 


873.79 


MDA-MB-468 4.16 


771.81 


677.69 


697.83 
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"MDA-MB-468 control.l" is MDA-MB-468 cells without staining - neiliier primary nor 
secondary antibody. "MDA-MB-468 control.2" is MDA-MB-468 cells stained with 
irrelevant primary antibody MART-1 and the Alexa Fluor 488 secondary antibody. All 
other cells, as described, were stained with Anti-eil>B2 primaiy antibody and Alexa Fluor 
5 488 secandaiy antibody. 

These data showed that MDA-MB-46S cells transfimned w3k pCMVJIER23aiZ.2REH 
have significantly reduced exfnession of HER-2 protein. 

10 4. Amifysbtynudettrinpiseriptlanniii-OH assays 

To detect ttanscr^on of the transgene SNA in ^bs nocleos of MDA-MB-468 cells nuclear 
transcription run-on assays are perfonned on ceD-fiiee nadei isolated fiom actrvely 
dividing cells. The nuclei are obtained according to the cell nuclei isolation protocol set 
1 5 forth in Example 1 0, above. 

Analysis of nuclear RNA transcripts for fbs transgene HER2.BGI2.2REH and the 
endogenous HBR-2 gene is petformed according to the nuclear tianscr^ition run-on 
protocol set fiwth in Bcample 10, above. 



Messenger SNA for the endogmous HER-2 gene and KNA transcribed fiom the transgeae 
HER2BGI2.2REH ate analyzed accordmg to the protocols srt finth m Example 10, above. 

25 

6. SoaOtem anafy^ 

Individual transgenic NIH/3T3 cell lines are analyzed by Souths blot analysis to confiim 
integration and detennine copy number of the transgene. The procedure is carried out 
30 according to the protocol set forth in Bxanqile 10, above. 



5. 
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Selected clones and control MDA-MB-468 cells are grown overnight to oear-confhiaice 
an 100 mm TC plates (10^ cells). Cells in plates ate fbcst washed with bofEisr containing 
5 j^sphatase tnbibitais (SO mM Ttis-HQ pH 6.8, 1 mM Ka^PzOr, 10 mM NaF, 20 |tM 
Na2Mo04, 1 mM Ni^V04), and then saxpei fcota 4e plate in 600 jil of lysis bnfte (50 
mM Tris-HCl pH 6.8, 1 mM Na4P207, 10 mM NaF, 20 ]iM N^o04, 1 mM Na3V04, 2% 
wfv SDS) which has been heated to lOCC. Suspensions are incubated in screw-caj>ped 
tubes at 100°C for IS min. Tubes wifli lysed cells aie centrifiiged at 13,000 rpm for 10 
10 min; supernatant extracts aieiemoived and stored at -20''C. 

SDS-PAGB 10% v/v sepanting and 5% v/v staddng gels (0.75 mm) are prepared in a 
Protean appatatna (BioRad) using 29:1 acrylamide:biaacrylaniide (Bio-Ra$ and Tiis-HCl 
bu£fers at pH 8.8 and 6.8, respectively. Volumes of 60 |il fiom extracts are combined with 

15 20 nl of 4x loading buffer (50 mM Tris-HCl pH 6.8, 2% w/v SDS, 40% v/v glycerol, 
bromophBDDl blue and 400 mM ditiiiothieitol added before use), heated to 100°C for 5 
min, cooled then loaded into wells before flie gel is run in tte cold room at 120V until 
protein san^les enter Ifae separating gel, then at 240V. Separated proteins are transferred to 
Hybood-ECL nitrocellulose memibranes (Amersham) using an electroblotter (Bio-Sad), 

20 according to manufacturer's mstractions. 

Membranes are rinsed in TEST buffer (10 mM Tris-HCl pH 8.0, 150 mM NaCl, 0.05% vhr 
Tween 20) then blocked in a dish in TEST with 5% w/v skim milk powder plus 
phosphatase inhibitors (1 mM NaiP207, 10 mM NaF, 20 (iM Na2Mo04, 1 mM Na3V04). 

25 Membranes are incubated in a small volume in TBST with 2.5% w/v sldm mUk powder 
plus phosphatase inhibitnrs containiiig a mouse monoclonal antibody against tbe ECD of 
HER-2 (Transduction Laboratories, NeoMarkras) diluted 1:4000. Membranes are washed 
three times for 10 min in TBST with 2.5% w/v skim milk powder plus phosphatase 
inhibitors. Membranes are incubated in a small volume in TBST with 2.5% w/v skim milk 

30 powder plus phosphatase inhibitors containing the horse radish peroxidase conjugated 
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secondaiy antibody diluted 1:1000. Membranes aie washed time times for 10 min in 
TBST wifli 2.5% w/v skim milk powder plus phosphatase inhibitors. 

Tlw pteaence of HER-2 protein is detected using the BCL luminol-based system 
5 (Amerabmn), accatding to manu&ctnrer's instructians. Stripping of membranes for 
detection of a second amtrol protein is done by incubating membranes for 30 min at 55°C 
in 100 ml of stripping buffer (62 mM Tiis-Ha pH 6.7, 2% w^ SDS, 100 mM fieshty 
pi^ared 2-meroqrtoellianoI). 

10 EXAMPLE 19 

Cosi^ressUm efBrtt-2 bt MM96L mOanoma edb in vftm 

The Bm-2 transcription factor belongs to a class of DNA binding proteins, temied Oct- 
ftctors, which specifically interact with the octamer control sequence ATGCAAAT. All 

15 Oct-factors belong to a family of proteins that was originally classified on Ihe basis of a 
conserved region essential for sequence-specific, hi^ afiSnity DKA binding termed the 
POU domain. The POU domain is present in three mammalian transcription fectors, Pit-1, 
Oct-1 and Oct-2 and in a developmental control gene in C. elegans, uiie-86. Additional 
POU proteins have been described in a number of ^edes and these are expressed in a cell- 

20 lineage specific mamwr. The bm-2 gene appears to be involved in the development of 
neuronal pathways in the embryo and the. Bm-2 protein is present in the adult brain. 
Electromobility shift assays (EMSAs) of nuclear exhacts finm cultured mouse neurons and 
from tumours of neural crest origin have detected a nuniber of Oct-&ctor proteins. These 
include N-Oct-2, N-Oct-3, N-Oct-4 and N-Oct-S. It has been shown that N-Oct-2, N-Oct-3 

25 and N-Oct-S are also differentially expressed in human melanocytes, melanoma tissue and 
melanomB cell lines, all derived &tm tiie neural crest lineage. Hie bm-2 genomic locus is 
known to encode flie N-Oct-3 and N-Oct-5 DNA binding activities. N-Oct-3 is present in 
all melanoma cells tested so far including flie MM96L line employed in these experiments. 
When ejqyression of Bm-2 proteia is blocked, N-Oct-3 DNA-binding activity is lost, and 

30 there are additional downstream effects including changes in cell morphology, a loss of 
ejqiression of elonenCs of the melanogenesis^igmentation pathway and losses of neural 
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crest markeis and other markers of the mdanocytic lineage. Melanoma cells witboat Bm-2 
aiB no longer tumorigenic in immimodeficient mice (Thomsan et <i/., 1995). 

L CubmitigefcdlUnes 

5 

Cells of the MM96L line, derived fiom human melanoma, were grown as adherent 
monolayers in RFMI 1640 mediiim suRilBmented with 10% v/v FBS and 2 mM L- 
glutamine, as described in Exan^le 10, above. 

10 Z Pr^aratbm of ^elk construed 

(a) Interim plasmid 

IS A legion offhe human £ni-2 gene \rasanQ>lified by PGR, nang a hiiinanA7i-2 genomic 
chme, using the piimeis:- 

bml : AGA TCT GAC AGA AAG AGC GAG CGA GGA GAG [SEQ ID NO: 17] 

and 

20 bm4: GGATTCAGTGCGGGTCGTGGTGCGCGCCTG[SEQ1DN0:18]. 

The anq)lificaition product was cloned into pCR (registered trademark) 2.1-TOPO to cieate 
the intermediate clone TOPO.BRN-2. 

25 (b) Test plasmid 

PlmtidpCMV.Bm2.ffQI2.mjB 

Plasmid pCMV.BKN23GI2.2MRB (Mguie 22) contains an mverted repeat or palindrome 
of tiie BBN-2 coding region that is interrupted by the insertion of the human p-g}obin 
30 intron 2 sequence Ifaerein. Plasmid pCMV.BKN23GI2.2NKB was canstnicted in 
successive steps: (i) llie BRN2 sequence fiom plasmid TOP03KN2 was sub-cloned fa Ihe 
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sense orientation as a BglH-to-BaniHl fragment into BglH-&gested pCMV.BGI2.ca8S 
(Example 11) to make plaamid pCMV.BEN2.BQI2), and (ii) the BRN2 sequence from 
plasmid TOPO.BKN2 was sub-cloned in the antisense orientation as a Bglll-to-BamHI 
ftagment into £amHI-digested pCMV.BKN2.BOI2 to make plasmid 
5 pCMVJRm.BGI2.2NRB. 

3. Delee^n ofcosuppression phenotype 

(a) Transection of Bm-2 constructs: Insertion of Bm2-expressing transgene into 
10 MM96Lcelh 

Ttansfonnations were performed in 6-weIl tissue culture vessds. Individual wells were 
seeded with 1 x 10* MM96L cells in 2 ml of RPMI 1640 medium, 10% v/v FBS and 
incubated at 37°C, 5% v/v CO2 until the monolayer was 60-90% confluent, typically 16 to 
15 24 hr. 

Subsequent procedures were as described above in Bxample 13, 3(a), exctpt that MM96L 
cells were incubated with the DNA liposome complexes at 37°C and 5% v/v CO2 fin: 3 to 4 
hr, only. 

20 

A total of 36 lines transformed with the consliuct pCMVJBRN2£GI2.2NRB were chosen 
for subsequent analyses. 

(b) Post-4ramcripti(malsilmcingofBm-2-e3q»'essingtransgaie in AiM96L cells 

25 

Clones wife features of PTGS of Bm-2 derived from MM96L cells stably transfected with 
ttie construct were selected on (he basis of morphological changes from the phase bright, 
bipolar and multidendritic cell type common to melanocytes to a low contrast (LC), 
rounded shape which is distinct and easily identified. Cells arising from such LC clones are 
30 subjected to analysis by electromobility shift assay (EMSA, see below) to idsntily 
presence or absence of N-Oct-3 activity. Additicmal testing is based on the loss of 
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pigineiitation. Cells of LC ckmes are stained for ttse pteseace of melanin using the 
modified Scbmori's n^iod for staioing of the pigment biopolymer, as described in 
Example 14, above. Clones fliat fidfil all criteria - (i) LC morphology; (S) absence of N- 
Oct-3 DMA binding activity, and (iii) loss of pigmentation - mdeigo diiect testing of 
5 PTGSvfa nuclear Iransoriptionnjn-on assays. 

To isolate lines for further analyses, Bnes showing altered morphology were selected and 
sub-clones of these lines were obtained by plating the parental clones at low density and 
picking clones showing altered morphology using techniques outlined above (see Example 
10 10). Tbe sub-clones chosen for finther analyses were MM96L 2.1.1 and MM96L 3.19.1. 

4. Aiudysis by Mudear transcription run-on ass^ 

To estimate transcription rates of the endogenous BRN-2 gene in MM96L cells and the 
15 transformed lines MM96L 2.1.1 and MM96L 3.19.1, nuclear transcription run-on assays 
are perfonned on nuclei isolated fern actively dividing cells. The nuclei are obtained 
according to the cdl nuclei isolation protocol set forth in Exanq}le 10, above;, and 
transciq)tion nnt-on transcripts are labelled witii biotin and purified using stieptavidin 
capture as outlined in Example 10. 

20 

To detemiine the transcription rate of the endogenous BRN-2 gene in the above cell lines, 
ttie amount of biotin-labelled BSN-2 transoipt isolated &>m nuclear run-on assays is 
quantified using real time PGR reactions. Tbe relative fianscription rates of the endogenous 
BKN-2 gene is estimated by con^aring the level of biotm-labdled BRN-2 RNA to the 
25 level of a ubiquitously-expressed endogenous transcript, namely hmnan glyceraldehyde 
phosphate dehydrogenase (GAPDH). 

The levels of expression of botii the endogenous BRN-2 and human GA7DH graies are 
determined in duplex PGR leactians. 

30 
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5. Comparison ofmBNA in non-transformed and cosofpressed ttnes 

Messenger RNA for ttie eodogenons Bm-2 gene and BNA transcribed fiom the transgoae 
HRN230I2.ZNItB are analyzed according to the protocols set fbrfii in Bxanqile 10, above, 

To obtain accurate estimates of BKN-2 mKNA levels in MM96L and transformed Hnes, 
real time PGR reaotions were employed. Sesolts fiom Ifaese analyses ate shown in Table 
11. 



10 TABLE 11 



Cell Line 


BItN-2and 
: oHgo-dl 


GArat&mRN^ 
purified total] 


WAS 


BeUttveJevdsof 
ItJEtN-ZmBNA 




QTYR 


CGAPDH 


AC 




MM96L 


33.1 


22.7 


10.4 


1.00 


MM96L11.1 


33.2 


22.5 


10.7 


0.83 


MM96L3.19.1 


32.1 


22.6 


9.5 





These data show that the levels of BRN-2 mRJNA (as poly(A)RNA) in two transfoimed 
lines with reversion phenotype, MM96L 2.1.1 and MM96L 3.19.1, are not significantly 
.15 difrerentfiamthelevdofBBN-2n)SNAinnon-transfonnedMM96Lcells. 

6. Southern anafysis 

Individual transgenic MM96L cell lines are analyzed by Southern blot analysis to confirm 
20 integration and d^ermine copy number of the transgene. The procedure is carded out 
according to the protocol set forth in Exanqjle 10, above. 

7. EtectromomtyiMftassirf(EMSA) 



25 To prepare nuclear and cytoplasmic extracts, 2 X 10^ cells are plated in a 100 mm TC dish 
and grown ovemigjit Before harvesting cells, the TC dish is put on ice, the medium 
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aspiiated completely and cells washed twice with ice cold PBS. A volume of 700 PBS is 
added and cells scraped offliiB plate and llie auspeosion ttansfoied to a 1.S ml micro&ge 
tube. The plate is linsed with 400 fil ice cold PBS and lids is added to the tube. All 
subsequoit work is done at 4°C. The cen sDspension is ceatnfngBd at 2,500 ipm to 
5 andthesi^ematantKmoved Avoliffi)eofl$0(dHWB8oli]lian[10mMHEPESp^ 
1 .5 mM MgQa, 10 mM KO, protease inhihitors (Rodie), 1 mM sodium oifhovaiiadate and 
phosphatase inhibitors comprising 10 mM NaF, 15 mM Na2Mo04 and 100 jiM NaaVOJ is 
added to the pellet and cells resuspeaded with a pipette. Cell swelling is checked at this 
point. A votame of 300 jil LB solution [10 mM HEPES pH 7.4, 1.5 mM MgCh, 10 mM 
10 KCl, protease iiihibitois (Roche), 1 mM sodinm arbovanadate and phosphatase inhibitors 
and O.m KP-40] is added and cdls left on ice for S min. CeU lyais is diedced at tfa^ 
The tube is spmi at 2500 rpm for 5 rmn and the sqieinatant transfisned to a new tube. The 
pdlet, which conpdses &e cell nudei, is retained. 

Nuclei are washed by resuspension in 800 nl of HWB solution, then the tube is spun at 
2,500 ipm for 5 min. The supmatant is removed and the nuclei are resuspeaded in 150 nl 
NEB solution [20 mM HEPBS pH 7.8, 0.42 M NaQ, 20% v/v glycerol. 0.2 mM EDTA, 
1.5 mM M^l2, protease inhilnlors, 1 iiiM sodium orthovanadate and phosphatase 
inhibitors] and left on ice for 10 min. The tube is spun at 13,000 rpm to pellet nuclear 
remnants, then the supernatant, which is the nuclear extract, is removed. A small aliquot of 
each nuclear extract is retained for determination of protein concentration by the 
colorimetiic Bradford assay (Bio-Rad). He remainder is stored at -70°C. NEB solution is 
stored and used to dilute extracts for working concentiatioiis. 

25 The doiiblMtranded DNA probes used for EkffiA of N-Oct-1 and N-Oct-3 were as 
follows:- 



clone25 C3CATAATTAATGAATTAGTG [SEQIDN0:19] 
CQTATTAATTACTTAATCAC 
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Oct-WT GAAGTATGCAAAGCATGCATCTC [SEQIDNO20] 
CrrTCATACX3nTCGTACGTAaA.G 

Oot-dpmS GAAGTAAGGAAAGCATGCATCrC [SEQIDN021] 
5 . CTTCATTCCnrCGTACGTAGAG 

The clone 25 probe has a high affinity for Oct-1 and N-Oct-3. The sequence was selected 
for these properties fiom a panel of randomly-generated double stranded oligonucleotides 
Kendall ef al., 1993). The probe Oct-WT was derived fiom the SV40 enhancer seipiaice 
10 and cantains a conaensus octamer binding site yibisib. has been mutated in the Oct-<^im8 
probe (Stmrn et al.. 1987; Thomsan et al, 199S). 

Probes are labelled with [y-"P]-ATP. The probes are diluted to I nM and 5 fil is incubated 
at 37°C for 1 hr in 1 X polynucleotide kinase (PNK) buffer (Rodie), 2 jil [y-^^P]-ATP (10 
15 mCi/tel, 3000 CLtamol, Amerdiam) with 1 |il T4 PNK (10 U/)il (Roche)) brought to a 
volume of 20 jil wib MUliQ water. The reaction is diluted to 100 |il with TE buffer (see 
Exan^le 10) and nm through a Sephadex G2S column (Nq) column (Roche)) with TE. 
Appioximately 4.S pmol of labelled probe is recovered at a concentiatioa of 0.15 pmol/|iL 
Labelled probes ate stored at -20°C. 

20 

Binding reactions of probe and extracts are done in 10 \d volumes conqnising 12% vA' 
glycerol, 1 x binding buffer (20 mM HEPES pH 7.0, 140 njM KQ), 13 mM NaCl. 5 mM 
MgCfe, 2 III labelled probe (0.04 pmolX 1 |ig protein extract, MilliQ water and, '«*er8 
indicated, unlabdled probe conq)etitor. The order of addition is usually contpetitar or 
25 water, labelled probe, protein extract. One tube is prqiared without a protein sample but 
with 2 ]i\ PAGE loading dye (see Exan^le 10). 

Binding reactions are incubated for 30 min at room tanperature before 9 (d is loaded into 
flie wells of a Mini-Protean (Bio-Rad) ^paratus prepared with a 7% acrylacnide: 
30 bisacrjtonide 29:1 Tiia-glycme gel. The 1 x gel and 1 x gd running buffer are diluted 
fiom 5 X stocks, respectively, 0.75 M Tris-Ha pH 8.8 and 125 mM Tiis-HQ pH 8.3, 0.96 
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M glycine, 1 mM EDTApH 8. Gds ace run at 10 V/om, fixed in 10% v/v acetic acid for 15 
min, tranrfmed to AVliatmm 3MM paper and dried befoR oqx^^ 
48 hr. 

EXAMPLE 20 

Cosi^ression efYB-l andpSS in Murine TypeBlO.2 audPam 212 a^invi^ 



10 B10.2 cells derived fiom murine fibiosaicanut and Fani 212 cdls derived fium numne 
epidermal keratinocytes were grown as adherent monolayers using Mflier KPMI 1640 or 
DMEM siipplemented with 5% v/v FBS, as described in Example 10, above. 

2. Preparation of genetic constructs 

15 

(a) Interim plasmids 

PlasmidTOPO.YB-1 

To amplify a region of the mouse YB-1 gene, 25 ug of a plasmid clone containing a mouse 
20 YB-1 cDNA (obtained fiom Genesis Research & Development Coiporation, Aucldand 
NZ) was used as a substrate for PGR anqdification using the primeors:- 

Yl: AGATCrGCAGCAGACCGTAACCATTATAC3G[SEQIDNO:22] 
and 

25 Y4: GGATCCACCTTrAlTAACAGGTGCTTGCAG[SEQIDNO:23]. 

The PCR amplification was performed using HotStaiTaq DKA polymerase according to 
the manuficturer's protocol (Qiagai). PCR amplification conditiaDS involved an initial 
activatian step at 9S<'C for IS mins, followed by 35 amplification cycles of 94°C for 30 
30 sees, SS°C for 30 sees and 72°C for 60 sees, with a final elongation step at ll'C 4 
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The PCR amplified n^on of YB-1 was column pmified (PGR porification cofanmi, 
Qiagen) and then cloned into pCR (registeted trademark) 2.1-TOFO accoiding to file 
manufactiirer's instructions (Invitiogen), to make plasmid TOPO.YB-l. 

5 

PIo^TOPOmSS 

To amplify a region of llie mouse pS3 gene, 25 ng of a plasmid ckme containing a mouse 
pS3 cDNA (obtained fiom Genesis Research & Development Onpondian, Auckland NZ) 
was used as a substrate for PCR anqtlification using the primets:- 

10 

P2: AGA TCT AGA TAT CCT GCC ATC ACC TCA CTG [SBQ ID NO:24] 

and 

P4: GGATCCCAGGCCOIACTrTCrTGACCATrGpEQIDNOaS]. 

IS The PCR an^lificatiaa was perfomied using HotStaiTaq DNA polymetase according to 
the manufiicturer's protocol (Qiagen). PCR amplificatian conditions involved an initial 
activation stq> at 95^ for IS mins, followed by 35 amplification cycles of 94°C for 30 
sees, SS'C for 30 sees and 72''C Sot 60 sees, witti a final elongation step at 72'C for 4 

20 

The PGR amplified region of p53 was column purified (PCR purification cohmm, Qiagea) 
and then cloned into pCR (registeted trademaik) 2.1-TOFO accoidiDg to the 
manufitcturer's instructions (Envitrogen), to make plasmid T0P0.pS3. 

25 Plasmid TOPO.YBl.p53 

To create a construct fusing YB-1 and p53 cDNA sequences, flie murine YB-1 sequence 
from TOPO.YB-l was isolated as a BgflI-to-5amHI firagment and cloned into the SamHl 
site of TOPO.pSS. A clone in which the YB-1 insert was oriented ia the same sense as the 
p53 sequence was selected and designated TOPO.YBl.p53. 

30 
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Testplasmids 
PlasmidDCMy.YBlJGI2.lB7 

Plasmid pCMV.YB13G12.lBY CPigwe 23) is capable of transoibing a regiaa of the 
S nnirine YB-1 geoe as an invatedi«peat or palindrome lliat is inte^^ 

globin intran 2 seqiioice therein. Plasmid pCMV.YBl.BG12.lBY was constructed in 
successive steps: (i) the YB-1 sequence from plasmid TOPO.YB-1 was snb-cloned in the 
sense orientation as a BglU-to-BairiHI fiagment into .SgM-digested pCMV£G]2 to make 
plasmid pCaklV.YB13GI2, and (ii) the YB-1 sequence iam plasmid TOPO.YB-1 was 
10 sub-cloned in the antisense orientation as a j9gflI-to-i)'amHIftagmeolm^ 
pCMV.YBLBGE to make plasmid pCMV.YBl.Bai2.lBY. 

Plasmid DCMV.yBLD53.BGI2.35o.lBY 

Plasmid pCMV.YBl.pS3.BOI23Sp.lBY (Figure 24) is capable of expressing fiised 
IS regions of the murine YB-1 and pS3 genes as an inverted repeat or palindrome that is 
intemqrted by the human P-gJobin intron 2 sequence flierein. Plasmid 
pCMV.YBl.p53.BGI2.35p.lBY was constructed in successive steps: (i) the YB-l.p53 
fusion sequence from plasmid TOPO.YBl.p53 was sub-cloned in the sense orientation as a 
%ni-to-BamHI fragment into igfll-digested pCMV.BGI2 to make plasmid 
20 pCMV.YBl.p53.BGI2, and (ii) the YB-l.p53 fusion sequence from plasmid 
TOPO.YBl.p53 was sub-cloned in the antisense orientation as a Bgin-to-BamHl fragment 
into faniHl-digBsted pCMV.YBl.p53.BGI2 to make plasmid 
pCMV.YBl.p53.BCa2.35p.lBY. 
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3. Detection of co-suppression phenotypes 

((0 Poat-traiisaiptUmal gate sUeacmg of YB-1 by insertion of a re^n of the YB-1 
gene into murine fUrrosarcoma B10.2 celb and murine qiidermal keratmoeyte 
5 Pam212cdts 

YB- 1 (Y-box DNA/RNA-binding factor 1) is a transcription factor fhat binds, inter aUa, to 
the promoter region of the p53 gme and in so doing represses its expression. In cancer 
cells that express normal pS3 protein at namal levels (some 50% of all human cancers), 
10 the expression of pS3 is under ttie control of YB-1, sodi Hut dimimition of YB-1 
expression results in increased levels ofp53piotdn and consequent q>qpiDsis. Themurine 
cell lines B10.2 and Pam 212 are two sndi tumorigenic cell lines with, normal pS3 
expression. The expected jdienotype for co-8iq)pressian of YB-1 in these two cell lines is 
qioptosis. 

15 

Transformations with pCMV.YBl.BGI2.lBY were perfoimed in 6 well tissue culture 
vessels. Individual wells were seeded with 3.S x 10* cells (B10.2 or Pam 212) in 2 ml of 
RPMI 1640 or DMEM, 5% v/v FBS and incubated at 37»C. 5% v/v CO2 for 24 hr prior to 
tiansfection. 

20 

The two mixes used to prepare tcansfection medium were: 

Mix A : 1.S 111 of LipoiectAMINE 2000 (trademark) Beagent (Ufb Technologies) 
in 100 )tl of Opn-MEM I (registered ttademaik) medium (Life 
25 Technologies), incobated at room tenqjerature for 5 min; 

MixB : 1 Hi (400 ng) of pCMV.YBl.BGI2.lBY DNA in 100 nl of Opn-MEM I 
(registered trademark) medium. 

30 After preliminary incubation. Mix A was added to Wx. B and &e mixture incubated at 
room ten^ierature for a further 20 min. 
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Medium overlaying each cell coltuie was iq)]aced with 800 ]il of fiesh mednna and 200 (il 
of transfection mis added. Cells wees incubated at 37°C, 5% v/v CO2 for 72 k. 

5 Di^licste ciiltoras of boHi cell types (B10J2 and Patn 212) w«e transfected. 

Cells were suspended with liypsin, codrifiig^ and lesuspended in PBS accoiding to the 
protocol described in Bxan^le 10. 

10 live and dead ceU numbers were detennined by tiypan blue staining (0.2%) and counting 
in quadruplicate on a haemocytometer slide. Results are presented in Kgmes 25 A, 2S2B, 
25C and 25D (refer to the Figme Legends for details). 

(b) Post-transcT^tional gene silencing of YB-1 and p53 by co-insertion of regions of 
IS Ae YB-1 and p53 genes into murine fUbrosarcama B10.2 ceUs and murine 

epidermal keratinocyte Pom 212 ceUs 

The data presoited in FigurBS-25A, 25B, 25C and 2SD show that cell death is mcreaaed in 
B10.2 and Pam 212 cells following insertion of a YB-1 construct designed to induce co- 
20 sq)pression of YB-1, consistent with induction of co-suppression. Simultaneous co- 
suppression of p53, D(4iich is responsible for initiating the apoptotic response in these cells, 
would be eiq>ected to eliminate excess cell death by ^optosis. 

Transfbrmationa wifli pCMV.YBl.p533GI2,35p.lBY were perfinmed in 6 well tissue 
25 culture vessels. Individual wells were seeded with 3.5 x 10^ cells (B10.2 or Pam 212) in 2 
ml of KPMI 1640 or DMEM, 5% v/v FBS and incubated at 37'>C, 5% v/v CO2 for 24 hr 
prior to transfection. 

The two mixes used I0 prepare transfection medium were:- 

30 
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MixA ; 1.5 of LipofbctAMINE 2000 (tradeniaA) Reaeent in 100 ill of OPTt- 
t IvlEMI(iegistaedt»demaik)medn]m,iiumbatedatn)omt^ 

5 MhB : 1 (il (400 ng) of pCMV.YBl.p53JaGI2.35p.lBy DNA in 100 jil of Ora- 
MEM I (registered trademaik) medinm. 

After preliminaiy incubation, Mix A was added to Mk B and flie mixtuie incubated at 
room temperatBre for a furtha: 20 min. 

10 

Medium overlaying eacb cell culture was replaced witti 800 ^1 of fiesh medium and 200 )il 

of transfection mix added. Cells were incubated at STC, 5% v/v CO2 for 72 hr. 

Cells were suspended witii tiypsin, cenbifiiged and lesuspended in PBS according to the 
15 protocol described in Exan^le 10. 

live and dead cell zumibers were deteimined by trypan blue stainiitg (0.2%) and counting 
in quadruplicate on a baemocytometer slide. Results are presented in Figures 25A, 252B, 
25C and 25D (refer to the Figure Legends fcr details). 

20 

(c) Control: Insertion of GFP into murine jOmmrcoma B10.2 ceOs and murine 
qudermal keratinocyte Pam 212 cells 

Transfinmations with pCMV^GFP were perfomiBd in 6 well tissue culture vessels. 
25 Individual wells were seeded with 3.5 x 10^ cells (B10.2 or Pam 212) in 2 ml of RPMI 
1640 or DMEM, 5% v/v FBS and incubated at 37°C 5% v/v CO2 for 24 hr prior to 
transfection. 

Hie two mixes used to prepare transfisctiQn medium wete:- 

30 
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MixA : 1.5 id of LifokbctAMINE 2000 (tradanark) Reagent in 100 ^1 of Om- 
MEM I (legisteared taademaik) medium, incubated at loom ten^eratnre fat 5 

S M«B : l|il(400ng)ofpCMV.E(M>DNAinl00plofOPli-%IEMI(iegistBred 

After preliminary incubation, Mix A was added to Mix B and die mixtace incubated at 
room tenqierature for a further 20 min. 

10 

Medium overlaying each cell culture was replaced ynSh 800 |il of foesti medinm and 200 |il 

of transfecfion mix added. Cells were incubated at 3TC, 5% v/v CO2 fijr 72 hr. 

Cells were suspended with trypsin, centrifiiged and lesospoided in PBS according to tte 
IS protocol described in Exan^ 10. 

Live and dead cell numbers were determined by trypan blue staining (0.29i} and counting 
in quadnqilicate on a baemocytometer slide. Results are presented in Figures 25A, 2S2B, 
2SC and 25D (refer to me Figure Legends for details). 

20 

(d) Control: Attenuation of YB-l phenotype by insertion of a decoy Y-box 
oligonucleotide into murine fibrosarcoma B10.2 cells and murine epidermal 
keratinocyte Pam 212 cells 

25 Hie role of YB-lin repressing p53-initiated iqwptosis in B10.2 and Pam 212 cells has been 
demonstrated by relieving the rq)res5ion in two ways: (i) transfection with YB-l antisense 
oligonucleotides; (ii) transfection with a decoy oligonucleotide that corresponds to the Y- 
box sequence of the p53 promoter. The latter was used as a positive control in the present 
example. 

30 
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Transfotmations with YBl decoy and a control (non-specific) oligomicleotide were 
peifonned in 24 well tissue coltute vessels. lodividiuil wells were seeded with 3 J x lO" 
cells (Bm or Pam 212) in 2 ml of ma 1640 or DMEM, 5% v/v FBS and incubated at 
37"C. 5% v/v CQ2 for 24 hr prior to tranaftotion. 

5 

The two mixes used to prepare transfection medium was:- 

MixA : 1.5 ptl of Lipofisctin (trademark) Reagent (Life Technologies) in 100 of 
Om-MEM I (registered trademark) medium, incubated at room 
10 temperature fixr 30 min; 

MixB : 0.4 ^1 (40 pmol) of oligomicleotide (YBl decoy <x conUol) in 100 jil of 
Qpn-MEM I (registered tFBdemark)medium. 

15 Afier prdiminary incubation. Mix A was added to Mix B and flie mixture incubated at 
room temperature for a fiirdier IS nun. 

A no-oligonucleotide (Lq>ofectm (tradanaik) only) control was also prepared. 

20 Cells were washed in serum-fiee medium (Optimem) and transfection mix added. Cells 
were incubated at 37°C, 5% v/v CO2 for 4 hr, after which medium was rqplaced with 1 ml 
of KPMI containing 10% v/v FBS and incubation continued overnight (18 hr). 

Cells were suspended with trypsin, centiiiuged and lesuspended in PBS according to the 
25 protocol described in Example 10. 

live and dead cell numbers were determined by trypan blue staining (0.2%) and counting 
in quadrupUcate on a haemocytometer slide. Results are presented in Figures 25A, 252B, 
25C and 2SD (refer to Oie Hgure Legends for details). 

30 
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9. A genetic construct according to Claim 8 wherein the intron sequence is an 
intron fiom a gene encoding /3-globin. 

10. A genetic construct according to Claim 9 wherein the |S-globin inbon is 
human jS^globin intnm 2. 

11. A genetic conslnict according to any one ofCUdmsl to 10 wherein there is 
substantiaUy no reduction in the level of transciiptiflii of said gene canalising Hbe 
eodogBDous target seqnraice. 

12. A genetic construct according to any one of Claims 1 to 10 wherein the total 
level of BNA transcribed fiom said gene comprising said endogenous target sequeaice of 
nucleotides is not substantially reduced. 

13. A genetic construct comprisit^:- 

(i) a nucleotide sequence substantially idaitical to a target endogenous 
sequence of nucleotides in flie genome of a vertebrate animal cell; 

(iO a single nucleotide sequence substantially complementary to said 
target endogenous nucleotide sequence defined in (i); 

(ill) an intron nucleotide sequence separating said nucleotide sequence of 

wher^ upon introduction of said constiuct to said animal cell, an RNA transcript 
resulting finm transcription of a gene comprisiag said endogenous target sequence of 
nucleotides exhibits an altered capacity for transcription. 

14. A genetic construct according to Claim 13 wherein the vertdjrate animal 
cell is from a moniTniilj avian species, fish or reptUe. 
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15. A genetic constmct accoiding to Claim 14 whoein the vertebrate ammal 
cell is firon amammaL 

16. A genetic constnutaccordiDg to Clam IS wheieh the mammal is 

primate, Ihrestock ammal 01 laboratory test aninoaL 

17. AgmeticcanstrnctaccoidiDgtoClajml6y4ieieinfliemamnMli8amuiiiie 

18. A genetic constnictacc«diiig to Claim IS whoein file mammal is a humm. 

19. A genetic constmct according to any one of Claiins 13 to 18 wherein there 
is substantially no reduction in the level of transcription of said gene compriang the 
endogenous target sequence. 

20. A genetic consfroct according to any one of Claims 13 to 18 wherem total 
level, of BNA transcribed from said gene conqiiising said endogenous target sequence of 
nucleotides is not substantially reduced. 

21 . A genetic construct conqirising:- 

(i) a nucleotide sequence substantially identical to a target endogenous 
sequence of nucleotides in ttie genome of a vertebrate animal cell^ 

(if) a nucleotide sequence substantially conqdementaiy to said targd 
endogenous nucleotide sequence defined in (i); 

(iii) an intron nucleotide sequence separating said nucleotide sequeaice of 
(Oaad(ii); 





(i) 



wo 01/70949 



-131- 

28. A geneticaUy modified votebiate animal cdl accarding to Claim 27 
whenin (lie vertebnte animal <»U is fiom a mammal, aWan 

29. A genetically modified vertebrate admal cell according to Claim 28 
^idietein flie vertebiate animal cdl is finm a inammaL 

30. A genetically modified vertriirate animal cell according to Claim 29 
\\4i0rein the inammal is a hunm, pdmale, Uvestodc atumal or Id^ 

31. A genetically modified vertebrate animal cell according to Claim 30 

32. A genetically modified vertebrate animal cell according to Claim 30 
wherein die mammal is a human. 

33. A genetically modified vibrate animal cell according to Claim 27 
wherein the constroct fiirther canq>rises a nucleotide sequence con^lementaiy to said 
target endogenous micleotide sequence. 

34. A genetically modified vertebrate animal cell according to Claim 33 
wherein fiie nucleotide sequaices identical and conqilementary to said target endogenous 
nucleotide sequences are separated by an inlron sequcaice. 

35. A genetically modified vertebrate animal cell according to Claim 34 
wherein the intron sequence is an intron fiom a gene encoding ;ft-g!obitt. 

36. A genetically modified vertebrate animal cell according to Claim 3S 
^wbexaa Ihe 0-globin intron is human i^globin intron 2. 
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37. A genetically modified vertdirate ammal cell accoidiiig to any one of 

Claims 27 to 36 vrbenm there is snbstandany no reduction in fiie level of transcription of 



g to aay one of 

Claims 27 to 36 wherein total level of RNA transcribed fiom said gene comprising said 
endogenous target sequence of nucleotides is not substantially reduced. 

39. A genetically modified vertebrate animal cell characterized in that said cell;- 

(i) comprises a sense copy of a target endogenous nucleotide sequence 
introduced into said cell or a parent cell hereof; 

(ii) comprises substantially no proteinaceous product encoded by a graie 
comprising said endogenous target nucleotide sequence conq>ared to 
a non-gmetically modified form of same cell; and 

(iiO comprises substantially no reduction in the levels of steady state 

total RNA relative to a non-genetically modified form of the same 



40. A genetically modified vertebrate animal cell according to Claim 39 

<K4ierein Ifae vertebrate animal cell is fixm a mammal, avian species, fish or reptile. 



41. A genetically modified vertebrate animal cell according to Claim 40 

y^erein the vertebrate animal cell is firan a mammal. 



42. A genetically modified verfdjrate animal cell according to Claim 41 

wfasBin (he manmial is a human, priinate, livestock anirnal or laboratory test aniinaL 
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1 39 to 48. 
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Use according to Claim 68 \<ribetBiii fbe vertditate animal cell is fiom a 
avian species, fiah or reptile. 



Use accoiding to Claim 69 vbaaa tfas vertebnte animal cdl is fiom a 



71. Use accoiding to Claim 70 wherein the mamnml is a hmnan, primate, 
livestodc animal or laboratory test animal. 

72. Use according to Claim 71 i«4iBFeinflie mammal is a murine species. 

73. Use according to Claim 71 wheiein the mammal is a human. 

74. Use according to Claim 68 whonn the constract flirflier co&qnises a 
nucleotide sequence con^lemodaiy to said taiget endogenous nucleotide sequence. 

75. Use accoiding to Claim 74 wboein the nucleotide sequmces identical and 
complmentary to said targ^ endogenous nudeotide sequences are separated by an inlron 
sequence. 

76. Use according to Claim 75 wherein die intron sequence is an intron fiom a 
gene encoding jS-globin. 

77. Use according to Claim 76 wherein the /?-globin intron is human j3-globin 
intron 2. 



78. Use according to any one ofClaims 68 to 77 wherem there is substantially 

no reduction in the level of transcription of said gene conqnising the endogenous targ^ 
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Figure 3 
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Figure 5 
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Figure 7 
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Figure 9 A 


Figure 9B 






Figure 9C 
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Figure 10 
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Figure 11 
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Figure 12C 



Figure 12D 
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Figure 13 
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Figure 14 
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Figure 15 
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Figure 16 




Figure 17 



wo 01/70949 



18/28 



PCT/AHOl/00297 




Aflll Xbal 



Figure 18 
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Aflll XbaJ BamHI Kpnl 
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Figure 20A Figure 20B 




Figure 20C Figure 20D 
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Figure 22 
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Figure 23 
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Figure 24 
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<211> 29 
<ai3> primer 



<400> 1 

gagctcttca sggtgagtct atgggaccc 29 

<:211> 29 
<212> nm 
<213> primer 
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atgaggacac gtaggagctt cctg 



<213> primer 



<4ao> 5 

cccggggctt agtgtaaaae aggctgagag 
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<211> 39 
<212> DHh 
<213> primer 



<211> 20 
<212> Did 



gtttccagat ototgatggc 



<213> prime 



agtccactct ggatcctagg 
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actttagacg gatccagcao 

<210> 13 
<211> 30 
<212> DNft 



<400> 13 
agatctathi: b 



ggatccgcca cgaacaagga agaaactagc 
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<213> primer 
<400> 16 



<213> primer 
<400> 17 



ggattcagtg cgggtcgtgg tgcgcgcctg 



<400> 19 

gcataattaa tgaattagtg 
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<210> 20 
<211> 23 
<212> DH& 



<400> 30 

gaagtatgca stagcatgcat etc 



agatctgcag cagaccgtaa ccattabagg 



<213> primer 



ggatccacct ttattaacag gtgcttgcag 
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ggattcagtg cgggtcgtgg tgcgcgcctg 



<400> 25 

ggatcccagg ecccactttc ttgaccattg 
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